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I. EXECUTIVE SUMMARY

The Task Group on Aeronautics R&D Facilities examined the status and requirements
for aeronautics facilities against the competitive need. Emphasis was placed on ground-based
facilities for subsonic, supersonic and hypersonic aerodynamics, and propulsion. Subsonic and
transonic wind tunnels were judged to be most critical and of highest priority. Results of the
study are briefly summarized as follows:

No existing U.S. government or commercial development facilities have the combination
of capability, productivity, and cost metrics to provide the American aircraft industry with the
technology that will permit U.S. firms to compete effectively. In fact, the U.S. aircraft industry
1s currently using facilities in Europe in order to compete.

It is the consensus of U.S. industry and government that substantial gains in capability,
productivity, and operating cost metrics are needed to provide the U.S. with world-class facilities
and competitive advantage for both commercial and military aircraft development.

In order to alter the course of the competitive position of the U.S. aircraft industry, it
was a consensus of industry and government that improvements to existing national facilities will
not meet the requirements. The need exists for new wind tunnels with substantial increases in
capability at subsonic and transonic speeds.

The industry estimates that technically a 10-15 percent improvement in transport
aircraft cruise and takeoff/landing performance is available and could be achieved with new
subsonic and transonic/high productivity wind tunnels. They also estimate that a 10 percent
improvement in performance could result in a $5.0-$10 billion increase in sales each year starting
3 years after tunnel completion along with a reductions in operator costs of $10 million per year
per new aircraft.

Facility concepts to meet the need have been defined. The cost of a new subsonic and a
new transonic wind tunnel was estimated to be $3.2 billion when constructed with a schedule of
ten years using normal government procurement practices. If nonstandard (i.e. commercial like)
acquisition and concurrent design and construction were feasible the schedule could be reduced to
8 years and the cost reduced to $2.55 billion. Further reductions may be achievable; however, it
will require the timely investment of FY 1994 new facility funds in the NASA budget.

The proposed new wind tunnels represent a balanced tradeoff in capability,
productivity and cost to achieve the most effective design while maintaining the capability to
improve their operating envelopes in the future.






A new supersonic wind tunnel is unnecessary at this time; however, an investment to
bring existing facilities up to the productivity and flow quality standards needed for commercial
and military product development is recommended, and research and development should be
funded for ‘quiet’ flow supersonic wind tunnels to enable dramatically improved future aircraft.

For propulsion facilities, the overall assessment was that with a few exceptions, the U S.
industry and government laboratories have the largest and most capable propulsion facilities in
the free world. A study is recommended to define mass flow requirements for engines beyond
the current generation (PW4000/GE90) which could lead to a mass flow upgrade in the
Aeropropulsion Systems Test Facility at the Air Force Arnold Engineering Development Center.

For hypersonic facilities,a two-phased plan has been developed that addresses the
shortfalls considering the array of potential flight systems which are under study or
development. Phase I consists of a focused program of facility research and three important and
needed facilities which can be built relatively soon with low risk and a modest investment Phase
IT facility construction would be undertaken later to provide enhanced hypersonic flow
simulation capability along with systems certification facilities once the enabling facility
technologies are in hand. The focused program of facility research is clearly the most urgent need
in hypersonics.

A review of facility closures indicated that six major facilities are scheduled for closure
between FY 1993 and 1995. Consolidation of testing between the Langley 8 Foot High
Temperature Structures Tunnel and the AEDC Aeropropulsion Test Unit (APTU) is being
worked. When new highly-productive subsonic and transonic wind tunnels are built: 1) the US.
industry will stop testing in Europe ($12 million per year); 2) there will be a significant
reduction in use of industry-owned tunnels with potential closing of some; i.e., Boeing Transonic
Wind Tunnel (approx. $20 million per year), and 3) major government development oriented
wind tunnels such as the Ames 12-Ft. and 11-Ft. Tunnels and the AEDC 16T will be phased
down/out depending on workload (approximately $20 million per year). Only the very best
facilities will be maintained long term.

Implementation of the recommended actions will result in the facilities required for the
U.S. Aeronautics industry to compete effectively in the world market. The payoff will be in
U.S. jobs and the U.S. economy; it will help to sustain or increase the U.S. share of an $815
billion market over the next 16 years. Although the cost of these facilities is significant, the
investment will yield returns (such as economic growth, cost avoidance, and revenue generation)
far in excess of the initial outlay.






II. INTRODUCTION

For many years, the United States has enjoyed significant economic benefit and military
air superiority as a result of preeminence in aviation. In terms of economic impact, U.S. aviation
industry sales exceeded $90 billion in 1991 and brought $28 billion to the U.S. in positive balance
of trade, the largest of any industrial sector in the economy. Over one-million, high-quality jobs
resulted. The economic significance of aeronautics has not been lost on others however, and in
the past 20 years several countries have taken a very aggressive approach to establishing
themselves as important economic competitors. Their successes are mirrored by the decline in
the U.S. share of the global market. Since 1969, the U S share of the jet transport market has
dropped by 30 percent and is predicted to continue to drop as shown in Figure 1. An enormous
sales potential is expected in the future, $815 billion by 2010 with 65 percent of the sales being
for foreign airlines, as shown in Figure 2. With this market potential, and with the technological
advances that have and will continue to occur in aircraft, it is vital that the U.S. maintain the
broad technological infrastructure necessary to allow the aecronautics industry to maintain or
improve its position among the suppliers of aircraft and engines.

New aircraft required over the next 20 years, to fill this expanding market are not defined
at this time as indicated by Figure 3. However, it is clear that several new families of airplanes
will be required and the relative market shares of these airplanes will be significantly influenced
by performance capabilities. The industry projects that a 10-15 percent improvement in cruise
and takeoff/landing performance can be obtained through improved aerodynamic designs. For
example, the high-lift performance (maximum lift coefficient) for current aircraft and the
projection for the future is shown in Figure 4. At least an additional 10 percent is believed
achievable if systems can be developed in higher-capability facilities. As shown in Figure 4,
the Airbus A310 already achieves higher CL,,, than current U.S. aircraft. This is attributed to
the use of the European facilities that have higher Reynolds number capability. The transonic
cruise aerodynamic efficiency parameter (Mach number times maximum lift to drag ratio) is
shown in Figure 5. Significant improvements are believed to be available through aerodynamic
refinements obtained with higher-capability wind tunnels. The payoff for the designs that achieve
these improvements will be significant. As an example, at current fuel prices, a I percent
improvement in performance for a medium size airplane results in a reduction in operating
costs of $1 million per year per aircraft. The industry estimates that a 10 percent improvement
in both airplane cruise and takeoff performance could result in a $5-10 billion increase in US.
airplane sales each year starting 3 years after tunnel completion along with a reduction in
operator cost of $10 million per year per aircraft.

All aircraft development, exemplified in Figure 3, is vitally dependent on wind tunnels.
Wind tunnel test hours required for the development of an aircraft have remained relatively
constant over the last 20 years as indicated in Figure 6. A typical new aircraft, transport or
fighter, requires 20,000 to 25,000 test hours; and a major derivative such as the McDonnell






Douglas MD-11 or Boeing 737-300 requires 5,000 to 14,000 test hours. Even as computational
Fluid Dynamics (CFD) has matured, these experimental test requirements have remained
constant and are expected to continue in the foreseeable future, since CFD and experimental
facilities are used in complementary roles in the design development process. To meet the
challenges associated with increasing international competition, the U.S. must have the use of
both “world class” computational and experimental development facilities.

Despite the ongoing and projected critical requirements, the average age of wind tunnel facilities
in the U.S. is approximately 40 years. The intervening time since these facilities were initiated
have produced changes in the worldwide competitive environment and in technology
advancement, both of which have resulted in different approaches to aircraft development testing.
The NASA Wind Tunnel Revitalization Program, conducted from FY 1989 to FY 1994, was a
major step in modernizing and restoring existing NASA facilities to their full capability. These
facilities are totally able to perform their intended role, and many contain special or unique
features which will be needed for many years to come. However, it is clear that these facilities,
even when coupled with other major capabilities in the DoD and industry, cannot provide the
combination of productivity and flow conditions that emerging aircraft and engine systems will
require.The U.S. industry is currently utilizing the national test capability to the maximum
extent, and the current generation of aircraft designed utilizing these facilities is just competitive
with the newest European aircraft and for some cases are behind the competition (as in Figure 4).

The European facilities including subsonic wind tunnels in England, France, and the
Netherlands and the new European Transonic Wind Tunnel (ETW) to come on line in 1994, are
at least a generation newer than their U.S. counterparts and emphasize not only high-quality test
conditions but also high productivity. These facilities provide the European aircraft
manufacturers a competitive advantage.

The National Facility Study was initiated to address these and other facility issues. The
objectives of the Study were to: 1) determine where U.S. facilities do not meet the national
aerospace needs, 2) define new facilities required to make U.S. capabilities world class, 3) define
where consolidation and phaseout of existing facilities is appropriate, and 4) develop a long-term
national plan for world-class facility acquisition and shared usage. For this report , the first two
objectives have been combined. The Task Group on Aeronautics R&D Facilities (Appendix 1)
examined the status and requirements for the broad spectrum of aeronautics facilities against the
competitive need. Aerodynamics, acoustics, propulsion, and simulation facilities were
considered. Because of a recent integrated study of hypersonic facilities, hypersonics was
considered as a separate category. It was determined that the aspect of the infrastructure of most
urgent concern is the nation's major development wind tunnels and propulsion facilities.
Therefore, the Task Group focused on ground based facilities for subsonic, transonic,
supersonic, hypersonic aerodynamics, and propulsion. Working Groups (Appendix 1) were
formed to develop national government/industry consensus on the four Study objectives.
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Detailed reports of these Working Groups are in the Appendices. Key findings, conclusions and
recommendations of the Task Group are summarized in the remainder of this report.

III. FACILITY SURVEY/COMPARISON AND REQUIREMENTS
Subsonic/Transonic

An extensive inventory of worldwide wind tunnel facilities and their pertinent attributes
has been accomplished in the study (Appendix 2). Most of the facilities in the inventory set are
used for research, and not for the direct development of civil or military aircraft. A more
meaningful subset, considered by a consensus of government and industry experts to be the core
facilities for US. aircraft development, is presented in Figure 7. These core facilities are owned
by the U.S. government, U.S. industry, and foreign interests. Three primary considerations were
used in selecting the core facilities: capability (characterized by the aerodynamic parameter
Reynolds number), productivity, and operating cost. The comparison metrics, maximum
Reynolds number of the facility, productivity in terms of polars per occupancy hour (a polar is
defined here as 25 data points, each point being obtained at a single value of an independent
variable), and test costs in terms of dollars per polar are included in the figure. The test costs are
the costs charged users and are not necessarily based on the same algorithm for all facilities. In
general, the data show that the higher the Reynolds number the lower the productivity and the
higher the operating costs. The more modern European tunnels have achieved a better balance
between capability, productivity, and cost, although the Ames 12-Foot Tunnel, which is being
rebuilt and will be reactivated in 1995, will have comparable metrics to the European subsonic
tunnels. All of the world's subsonic tunnels, however, have serious limitations for the
development of the complex high-lift systems to be implemented on future aircraft. It is the
consensus of U.S. industry and government that substantial gains in Reynolds number,
productivity, and cost metrics are needed to provide the U.S. with world-class capability and
competitive advantage.

Wind Tunnel Requirements.

The Task Group, through a process of interaction with the national aeronautical experts
and_analysis of available data, arrived at a set of target requirements in terms of Reynolds number,
productivity, and operating costs for both low speed and transonic wind tunnels, They were
supported in this activity by the Aerodynamics and Acoustics Working Group (Appendix 3).

Low Speed Tunnels.- The primary Reynolds number sensitivity at low speed is
associated with the high lift configurations at landing, Mach number = 0.20 and second segment
climb conditions, Mach number = 0.30. The industry practice is to design high lift systems and
obtain data over the limited Reynolds number range provided by existing wind tunnels and
extrapolate these results to full scale conditions. There is limited data available on the maximum






Reynolds number required in order to be able to make this extrapolation with high confidence.
However, the data of Figures 8 (a) and 8 (b) show examples of the problems encountered when
testing in existing wind tunnels. The data in Figure 8 (a) show the effect of Reynolds number on
the maximum lift (Cpnay ) for a configuration optimized at a Reynolds number of 9 million. A loss
in lift occurs as the Reynolds number is increased to 16 million. These data suggest that in order to
achieve maximum lift from a high lift system the design should be optimized at the flight Reynolds
number. The data in the example of Figure 8 (b) also show that the variation of maximum lift is
non linear with Reynolds number and the last wind tunnel data point is headed in a negative
direction providing no clear indication of how to extrapolate to the flight Reynolds number. There
is mounting evidence to suggest that the Reynolds number effects on high lift are correlated with
flow transition and the boundary layer characteristics. Typical effect of the transition on the
varnation of maximum lift with Reynolds number is illustrated in Figure 9. Differences in lift as
high as 15 percent have been obtained as a result of transition effects. The Reynolds number at
which transition occurs is dependent on geometric characteristics (wing sweep and radius of
curvature at the attachment line) and roughness or boundary layer contamination characteristics
and can vary significantly for various configurations. For many airplane designs, the existing wind
tunnels can provide data only below the transition Reynolds number which will result in trends
like the ones shown in Figure 8. It is desirable to conduct all wind tunnel tests on high lift systems
at Reynolds numbers beyond the transitional range or at full scale.

In arriving at a Reynolds number goal for testing, the objective was to achieve the highest
Reynolds number practical (exceeding the transition Reynolds number for some airplanes) while
achieving low operating costs and high productivity. Taking into consideration some cost
optimization studies (to be discussed later), the government/industry consensus was that the low-
speed tunnel goal should be the ability to test at full-scale Reynolds number (approximately 30
million) for some existing airplanes , productivity of 2 to 2 1/2 times existing wind tunnels
which would yield 5 polars per occupancy hour, and operating costs equal to or less than current
wind tunnels or approximately $1000 per polar. These goals should be accompanied by excellent
flow quality, accessibility, and acoustic capability. The acoustic capability would be provided by
an open jet test section surrounded by an anechoic chamber.

Transonic Tunnels.- At transonic speeds the National Transonic Facility (NTF) at
NASA Langley provides full scale Reynolds number capability for validation and research, but at
low productivity and very high operating costs which makes it unsuitable for development
testing. Therefore, the objective in selecting the Reynolds number goal for the high volume
transonic development testing was to obtain values high enough that Reynolds number effects
will be generally predictable. To meet this criteria a Reynolds number of 30 million was selected.
This corresponds to the condition where the boundary layer transition point is at the leading edge
of the wing and the boundary layer flow is fully turbulent for a typical transport wing as shown
in Figure 10. Therefore, the transonic goals were determined to be a Reynolds number of 30
million, productivity of 8 polars per occupancy hour, operating cost of $2000 per polar, with






good flow quality and accessibility. Comparing these low speed and transonic goals with the
capability of the "core" development facilities in Figure 7 leads to the conclusion that no U.S.
facilities have the combination of capability, productivity, and cost metrics to provide the
American aircraft industry with an effective competitive position.

Option to Meet Facility Requirements.

Both upgrades of existing facilities and new facilities were considered as ways to provide
the desired capability.

Upgrades to Existing Wind Tunnels - Four of the core facilities were reviewed for

upgrade; the 12-Ft. and 11-Ft. Tunnels at Ames, the National Transonic Facility (NTF) at
Langley, and the 16-Ft. Transonic Tunnel (16T) at Arnold Engineering Development Center
(AEDC). At the newly rebuilt 12-Ft. Tunnel, a factor of 2 increase in productivity is possible
with aggressive pursuit of model handling, data acquisition, and control system modifications. It
is also possible to increase the Reynolds number by a factor of 2 through the use of heavy gas as
a test medium. However, there are fundamental technical questions concerning the applicability
of test results obtained in heavy gas, and this approach cannot be relied upon for achievement of
desired capability without a significant amount of research. Important modifications to the
11-Ft. Tunnel are included in the FY 1994 NASA budget and will provide for increased reliability
and new fan blades. Other improvements, such as increased pressure capability and productivity
were studied. At the NTF, the issue is low productivity, caused substantially by cryogenic
temperatures, but further limited by drive system controls, limits in liquid nitrogen storage and
production, and model handling techniques. The most urgent of these (nitrogen storage and
controls) are covered in the FY 1994 NASA budget, but further gains in productivity are
possible. Reliability is the primary concern at the AEDC 16T; the drive system and controls are
quite old, motors need rewinding, and other productivity and reliability improvements are
possible. Figures 11(a) and 11(b) show the potential impact of making the above modifications
to the wind tunnel metrics relative to the goals for the low-speed and transonic tunnels.

Although these modifications can provide a significant productivity improvement, they
will not meet or even approach the requirements for Reynolds number. The 12-Ft. Tunnel only
achieves about 35 percent of the required Reynolds number (without using heavy gas) and the
11-Ft. Tunnel only about 50 percent of the required Reynolds number after modifications. In
addition, none of the acoustic needs which are a significant part of the low-speed tunnel
requirements would be addressed.

In order to alter the course of the competitive position of the U.S. aircraft industry, it is
a consensus of industry and government that improvements to existing national facilities will
not meet the requirements. The need exists for new wind tunnels with substantial increases in
Reynolds number at subsonic and transonic speeds.






New Wind Tunnels - The process of finalizing the requirements for the wind tunnels
and developing a conceptual facility configuration involved analyzing the impact of various key
parameters on the design and associated costs. The Task Group was assisted in this process
through a Facility Study Office (FSO) jointly staffed by NASA and DoD personnel. The results
of these analyses are reported in Volume II-A. A prior study, supported by the Boeing
Company, had developed a preliminary design concept including cost and schedule estimates for
a two wind tunnel complex with a low speed wind tunnel and a transonic wind tunnel (Figure
12). Although this complex (designated Concept A) did not satisfy the requirements for
Reynolds number, productivity and operating cost, it provided a useful point of departure and
was used as a costing baseline. Detailed analysis of specific concepts to meet the metric goals
was done under the study by the FSO. Concept A provided a “close” solution transonically
since the Reynolds number was so near the goal of 30 million. Achieving the desired metrics
subsonically proved to be a challenge. Indeed, capitalization costs for options considered varied
by a factor of almost 2.5 with the most costly variant being Reynolds number for the low-speed
tunnel.

The options available for increasing Reynolds number in a wind tunnel are increases in
pressure and size, reducing temperature and using a heavy test gas. The effect of these
parameters on capitalization cost for a low-speed tunnel is illustrated in Figure 13 for an
operating pressure of 5 atmospheres (considered to be the maximum usable for high-lift testing).
The accompanying effect on productivity is illustrated in Figure 14. The curves in Figures 13
and 14 are not based on detailed engineering analysis but rather “first order” engineering
approximations to illustrate the trends for the options available. Capitalization cost increases
rapidly with increasing size; model costs and handling difficulties also increase. Based on these
trends, and detailed analysis at specific points on the curves (Volume II-A), a 20 by 24 foot test
section was considered to be the largest practical size for a subsonic development wind tunnel.
This provides a Reynolds number of 20 million. Reducing the temperature to -20 degrees will
increase the Reynolds number to 28 million for about a 20 percent increase in cost. Further
temperature reductions require significant structural and systems changes resulting in much larger
cost increases and productivity decrements. The use of a heavy test gas would be the most cost
effective way of achieving high Reynolds number, but the fundamental technical concerns about
aerodynamic testing in heavy gas make it too high a risk for application at this time.

Additional trade/optimization studies should be performed prior to final design of new
wind tunnels. However, based on substantial analysis of capitalization costs and benefits, the
preferred approach is the 20 x 24 foot tunnel with design provision for future improved
capability through cooling and heavy gas. The Low Speed Wind Tunnel (LSWT), provides for
efficient high Reynolds Number testing (20 million, on full span models, at a Mach number of
0.3). The goal in Reynolds number of 30 million is achieved through the use of semi-span (large,
half-vehicle) models. It fully meets the productivity and cost metrics as shown in Figure 15.
The effectiveness of the proposed LSWT tunnel in coverage for the projected airplane fleet over






the next 20 years is shown in Figure 16 for the second segment climb condition at a Mach number
of 0.3. This figure shows the critical low speed Reynolds number requirements for various size
aircraft, and their percentage of the total transport market. Also shown on the figure are the
maximum Reynolds numbers for the existing and proposed wind tunnels at a Mach number of
0.3. The solid lines represent the maximum Reynolds number coverage with full models and the
dashed line represents the coverage with semi-span models which can be used to provide data on
key performance parameters and reduce the engineering risk. The existing wind tunnels do not
provide full scale Reynolds number for any airplanes in the fleet, although they were used in the
development of the current designs. The proposed wind tunnels owever, provide full scale
Reynolds number for the airplanes in the 101 to 150 seat range using a full model, and
through an intermediate size (approximately 180-210 seat capacity) using semi-span models.
For this part of the fleet, the U.S. will be in a position to develop configurations where
aerodynamic characteristics may be strongly influenced by leading edge transition,
relaminarization, etc. with minimum risk for performance estimates. For the larger size airplanes
extrapolation will still be required; the transition effects discussed earlier, and illustrated at the
bottom of figure 16, will still be a concern.

The curves on the lower part of figure 16 represent the range of transition effects on
maximum lift (Cnax) as a function of Reynolds number for the existing aircraft designs. The
Reynolds number at which transition occurs 1s more a function of wing geometry and local flow
environment than aircraft size. For large aircraft with leading edge geomeftric characteristics
such that transition has occurred by approximately 35 million Reynolds number ( LSWT semi-
span limit at a Mach number of 0.3), extrapolation to full scale should have minimum risk.
However for future large aircraft where transition may not have occurred by 35 million, some
uncertainty in extrapolation to full scale will still exist.

While the proposed LSWT will not provide full scale Reynolds number capability for all
potentially large commercial aircraft, it will provide major increase in development wind tunnel
testing capability over foreign competitors (existing conventional wind tunnels) and reduce risk in
performance estimations and guarantees for U.S. aircraft. The facility will be at the practical limit
of low speed, continuous flow wind tunnel testing capability without cooling. Clearly it would
be desirable to provide sufficient capability to cover all conditions for future aircraft. However,
this would require a Reynolds number capability double that of the proposed tunnel and it is the
view of the Task Group that such a facility is well beyond reach for a high productivity
development wind tunnel, both technically and economically. If required in the future this
capability could be obtained by “mild” cooling or possibly the development of techniques for a
“heavy gas”.

The proposed Transonic Wind Tunnel (TSWT) has a test section of 11 by 15.5 Ft. and
achieves the goal of 30 million Reynolds number at a Mach number of 1 with full span models. It
also meets the productivity and cost metrics as shown in Figure 17. The effectiveness of the






proposed transonic wind tunnel in coverage for the projected airplane fleet over the next 20
years is shown in Figure 18 in the same format as used for the low-speed tunnel. The Mach
number is 0.8. It provides full scale Reynolds number (using semi-span models) for all but the
largest size airplane. This Reynolds number coverage, used with the NTF for validation of the
large airplanes, will provide the industry capability to develop airplanes with minimum risk for
cruise performance.

A conceptual sketch of a new wind tunnel complex is shown in Figure 19 and described
in detail in Volume II-A. It shows both the low-speed and transonic wind tunnels. They have
separate drive systems housed in a common building; each has three removable test sections and
a removable plenum section to meet the productivity requirements. The low speed tunnel has
acoustic testing capability at 1 atmosphere in an open jet test configuration with a large anechoic
room built into the outer plenum shroud. A removable plenum section is used to facilitate the
interchange of test sections and models. Engineering cost estimates for this complex were
developed based on a work breakdown structure that defined the major elements of the project at
the 5th tier level. Risk, escalation, contingency, and inspection services were also added to arrive
at the total construction budget. Cost for planning and design, including the preliminary
engineering report, government project management, special studies, and final design were added
to develop a fotal project budget estimate of $3.2 billion and a schedule of ten years using
normal government procurement practices. A joint industry-government team looked at
applying acquisition and design build practices used by industry to the cost and schedule. The
team concluded that if using nonstandard (i.e. commercial like) acquisition and concurrent
design and construction approaches were feasible, the schedule could be reduced to 8 years and
the cost reduced to $2.55 billion. The Aeronautics Task Group believes further reductions may
be achievable; however, it will require the timely investment of FY 1994 new facility funds in
the NASA budget to accomplish the preliminary engineering design and to conduct a number
of technical efforts aimed at risk reduction.

It is important to note that these wind tunnels are not the most capable that could be
produced. Indeed, reasonably detailed study of more than ten options was accomplished with
costs ranging from approximately $2 billion to almost $5 billion. Significant cost/benefit analysis
was done; this analysis process contributed significantly to the final definition of the metric
requirements. The proposed new wind tunnels represent a balanced tradeoff in capability,
productivity and cost to achieve the most effective design.

Funding and Operations. - Three options for capitalization of the new wind tunnels
were considered in the study: industry only, a government/industry consortia, and government
only. These options are described in detail in Appendix 4. Based on extensive discussion with
the U.S. industry, it was the conclusion that funding by industry alone is not a viable source for
capitalization of the tunnels at this time. The possibility of a government/industry consortia
could not be ruled out, and further work is needed to explore mechanisms to allow such an
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option. However, in the current very difficult aerospace industry climate, preliminary
indications were that broad-based industry funding may not be available for capitalization
although industry is prepared to strongly support the design and construction process with
substantial commitments of people for staffing support of the project office. Therefore, the Task
Group recommendation at this time is for the government to provide the essential source of
funding for capitalization. Further studies should be conducted to look at innovative funding
approaches and government/ industry consortia arrangements.

Three options for operations funding of development testing were also considered. All
options involved user fees ranging from (1) full cost (including direct, indirect and capitalization),
(2) cost for direct and indirect charges only (no capitalization), and (3) direct cost covered by
user fees with indirect costs covered by the government. The conclusion of the Study to date is
that the most effective utilization of the new wind tunnels would be obtained through a fee
policy that recovered direct and indirect costs (but not capitalization) for development tests with
one shift of operation funded by the government to support DoD and government/industry
cooperative programs. International customers should be charged for the full cost of operations,
including direct and indirect costs and capitalization costs.

Management and Scheduling, - It is envisioned that the facilities will be constructed

primarily with government funding. They could be managed by the government (either by
NASA or jointly between NASA and DoD) or by an industry/government consortium. In any
case, they would be operated by contractors. Management would be advised by an Advisory
Board comprised of NASA, DoD and industry representatives due to the particular nature of the
testing envisioned in the facilities.

Development testing would receive priority, and scheduling would be on a first-
scheduled, first-served basis except in times of national emergency. The Advisory Board would
periodically review the scheduling priorities to insure that national interest were being served.

Site Selection. The process for arriving at the best site for construction of new facilities
should be based in technical and cost considerations. An approach to site selection was
developed by the FSO and is included in Volume II-A. Examples of criteria are as follows:
Primary considerations - life cycle cost, technical capability (engineering and support), existing
site support facilities, assured utilities availability (high demand period limitations), site
conditions, environmental acceptability. Secondary considerations - transportation
infrastructure, work force stability (down period work), common support services, adequate
community infrastructure, local scientific/academic conditions available or surplus government
real estate/facilities.

The Aeronautics Task Group recommends that site selection be made as soon as
practicable based on appropriate cost and technical criteria.
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Supersonic Wind Tunnels

The capability of the major supersonic wind tunnels in the world is summarized in
Figure 20 in terms of Reynolds number and size. The Mach numbers range from 2to 5. The
major supersonic tunnels in the United States were built under the Unitary Plan Wind Tunnel
Act and provide better capability than the European tunnels. The primary demand for
supersonic facilities has been from the Department of Defense and from its military aircraft
manufacturers. Based on the input of those customers, today’s facilities generally satisfy the
requirements for fighter aircraft and missile product development but some upgrading is
required.. Currently, NASA and the civil aircraft industry are developing technology for
environmentally acceptable, economically viable, High-Speed Civil Transport (HSCT) which
would cruise at Mach 2.0 to 2.4. It was also concluded that the requirements for a first
generation HSCT could be met with the supersonic facilities of today, supplemented by flight
testing. For the near term, the most important requirement is for relatively straightforward
reliability and productivity upgrade at the 16S Tunnel at AEDC.

Laminar flow technology for supersonic aircraft has been identified as a high-leverage
technology for future generations of the HSCT. The ability to develop this technology from the
“laboratory” to operational status was seen as critical to maintaining U.S. technological
leadership. However, existing supersonic wind tunnels have levels of flow turbulence greater
than are acceptable for development of laminar flow technology, and modifications to these
facilities will not provide the necessary low levels of tunnel turbulence (“quiet flow”). Indeed
advances in the state-of-the-art of supersonic tunnel nozzle design and fabrication are required.
Therefore, the Task Group strongly recommends that research and development be funded
which could lead to the construction of a new enabling “quiet” supersonic wind tunnel in the
Suture. Such a facility does not exist anywhere in the world and would be indispensable to assure
that the U.S. has the capability to develop supersonic laminar flow control technology for future
aircraft.

Propulsion Facilities

The Nation's propulsion facility infrastructure has been a major factor in U.S.
competitiveness in the area of commercial aircraft engines. Continued advances in propulsion
technology are critical to improving cruise economy and minimizing environmental impact in
terms of noise and emissions, and in general, reducing aircraft acquisition and operating costs. In
assessing future propulsion facility requirements covered in detail in Appendix 5, the focus was
primarily on development facilities for future subsonic and supersonic commercial transports.
The facilities covered in the assessment are shown in Figure 21. The overall assessment was that
with a few exceptions, the U.S. industry and government facilities have size and capability, that
is clearly world-class. However, additional facilities may be required to ensure effective
development of future propulsion systems in the areas of high mass flow for subsonic
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transports, inclement weather simulation, and full-scale engine tests for the High Speed Civil
Transport. In addition to the impact on turbomachinery design and performance, it should be
noted that high mass flow propulsion systems for subsonic transports also has a requirement for
testing at high Reynolds numbers in both low speed and transonic wind tunnels. This is the same
requirement that was discussed previously in the sections covering new wind tunnels and will not
be mentioned further in this section.

The mass flow capability of the Aeropropulsion System Test Facility (ASTF) at AEDC
compared to existing engine requirements is shown in Figure 22. The only engine falling outside
of the operating envelope is the growth version of the Pratt and Whitney 4000 (4000 ADP) at
takeoff and climbout conditions. Projections by the airframe industry however, indicate a wide
range of potential engine/ requirements mass flow over the next 20 to 30 years which would
significantly exceed the capability of the ASTF. The magnitude of the additional requirement is
very important; preliminary estimates of costs to increase mass flow by up to 50 percent range
from $250M to $750M. Therefore, a study is recommended to define mass flow requirements
for engines beyond the current generation (PW 4000/GE90) before an upgrade is undertaken.

Other, relatively much smaller propulsion facility upgrades were identified as important
for future systems. These include modifications for free jet/engine icing testing and engine nozzle
capability testing at ASTF, and an increase in capability of the Icing Research Tunnel at Lewis.
These upgrades are estimated to cost on the order of $20M each.

Hypersonic Facilities

The situation for hypersonics (speeds greater than Mach 5) is quite different than that at
lower speeds. Existing systems are essentially all space related, as opposed to aeronautics, and
have been developed with ground-test facilities that were built largely in the 1960°s to support a
new and emerging space program. Today a number of hypersonic systems are under study or
development (Figure 23). These categorically include orbital launch vehicles, air-breathing
cruisers, interceptors (both ABM and theater air defense missiles), offensive missiles (cruise,
maneuvering re-entry, and boost-glide), munitions, and space vehicles (rescue and planetary
probes) Out of this array, several aircraft and acrospace vehicle systems are likely to be selected
Sfor full scale development within the next decade, to be followed by various derivatives.
Ground test facilities which provide hypersonic flight conditions are absolutely necessary for
understanding the fluid flow physics, the thermal environment, structural and material
requirements, and the subsequent development of efficient as well as effective flight systems, just
as they were for subsonic flight (1910-) and supersonic flight (1950-). Current facilities are
inadequate, especially for air-breathing propulsion, aerothermal, and real-gas acrodynaniic
testing. Air-breathing propulsion testing presents the most challenging case. Although enabling
facility technologies are available for facilities up to Mach 8, and some limited facility capability
presently exists, there is no propulsion or real-gas development test capability above Mach 8 and
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only limited, inadequate aerothermal test capability exists. For propulsion, there is even a high
degree of uncertainty about how to provide the necessary capability since extremely high
temperatures (greater than 10,000°F) and pressures (10,000 atmospheres) are required for direct
simulation. Figure 24 illustrates the relative confidence level today in developing systems for
flight as a result of these facility shortfalls. The confidence level prior to flight tests is high at the
lower Mach numbers since the tools for ground testing and computations are reasonably well
developed. This confidence is reduced dramatically at the higher hypersonic Mach numbers.
Confidence level can be interpreted as inversely proportional to systems development risk; i.e.
the higher the confidence, the lower the development risk. therefore, the development risk of
hypersonic flight systems is very high with today’s ground test capabilities.

A two phased plan has been developed that addresses the hypersonic facility shortfalls
considering the array of potential flight systems which are under study or development. Phase 1
consists of a focused program of facility research and three important and needed facilities which
can be built relatively soon with low risk and a modest investment. Phase II would be
undertaken later to provide the needed systems certification facilities once the enabling facility
technologies are in hand. The focused program of research is clearly the most urgent need in
Iiypersonics; 1t is required to select, develop, and demonstrate the most promising concepts. A
research plan has been jointly developed by NASA, DoD, and industry, and when executed,
will provide the enabling technologies for the needed test facilities. Funding for this research
program is required at a level of $15 to $20 million/year up to ten years. The bases for the
facilities recommended in the plan are summarized in Figure 25. Five system classes and their
key technical requirements are identified. The Phase I program proposes the three facilities
which can be acquired within current technology. The Phase II program follows once sufficient
facility technology has been developed. This chart shows the application of the four
recommended Phase I facilities to the respective systems and their key technical requirements.
The proposed Phase I facilities construction is shown in Figure 26 along with potential
operational dates. This is a time-phased program driven in part by decision points based on
technical information coming out of the research program. Clearly, the action milestones can be
shifted in time depending on mission urgency. A more detailed report on hypersonic facilities is
presented in Appendix 6.

IV. CONSOLIDATION AND CLOSURE

The Task Group recognized the importance of addressing U.S. aeronautical facility
redundancy and overcapacity, particularly in the context of recommending substantial new
national capabilities. In considering facility consolidation and closure, the Task Group also
recognized that substantial efforts are ongoing in all agencies, as well as the private sector to
reduce infrastructure as a major cost reduction measure. As an example, recent actions with the
DoD Test and Evaluation (T&E) organizations have focused on reducing unnecessary duplication
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and improving efficiency of military infrastructure by consolidation. A portion of this activity
has been undertaken under the topic of “Test and Evaluation Project Reliance.” Under Reliance,
studies of selected testing categories examined facilities that perform similar functions, with the
objectives of identifying those facilities that are unnecessary and those facilities that should be
the site of any future T&E facility investments. Project Reliance will result in the Military
Services increasingly relying on each other for various types of support. Other downsizing
actions within the DoD have been the result of the Military Services’ actions to become more
efficient and to eliminate facilities that are no longer required or that cannot be supported in this
period of declining budgets.

As a result of a Reliance study, large aircraft engine testing was consolidated at Arnold
Engineering Development Center (AEDC), Tullahoma, Tennessee. After further study of this
subject within the Navy, the decision was made to consolidate all aircraft engine testing (large,
medium, and small). As a result, all aircraft engine testing will be moved from the facility at
Trenton to AEDC. This Navy decision led to a base closure action that will result in the closing
of the Trenton facility. In addition, the Army is planning to close the High Energy Laser
Systems Test Facility in New Mexico that includes a large vacuum chamber. At the Navy’s
David Taylor Research Center (DTRC), the transonic tunnel was damaged and would have
required significant funding to repair. The DoD decision was to shift the work to Air Force
facilities rather than make additional investment to repair the older Navy facility.

At AEDC, the DoD does not finance the operation of all of the facilities all of the time.
At any one time, several facilities will be in a “non-available” status where the facilities are not
being maintained in an operational status. For example, as of December 1993, Major Propulsion
Test Units J-2A, T-7, and T-6, and Flight Dynamic Test Units 1T, IVA, DET, Tunnel D, ART,
and Tunnel F were not being maintained in an “available for use” status. In 1993, Range K was
transferred to the University of Texas, and it was dismantled and moved in November 1993.
There are regular reviews at AEDC to determine which facilities are to be maintained as available
for use within the expected funding levels.

Other consolidation and downsizing actions in the DoD have included the following.
The Air Force Large Trestle electromagnetic pulse test facility in New Mexico will close. The
Air Force aircraft test fleet is being reduced by twelve aircraft and the Air Force aircraft test
support fleet is being reduced by twenty-one aircraft. As part of these reductions of aircraft
involved in T&E, the Air Force’s 4950th Test Wing that was stationed at Wright-Patterson AFB,
Ohio, has been moved to the Air Force Flight Test Center (AFFTC), Edwards AFB, California,
and consolidated with the aircraft at that location. The Utah Test and Training Range has also
been consolidated into the AFFTC.

The NASA aeronautics infrastructure is quite small relative to DoD, but similar actions
are in progress at all of the NASA aeronautical centers. Recognizing the existence of these
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activities the Task Group took an independent and aggressive look at potential facility closures in
the categories considered in the National Facility Study. A total of 44 major government owned
wind tunnels and propulsion facilities were considered. The facilities were grouped into four
major categories: 1) Those considered to be unique national assets were not considered further
for closure because of their uniqueness and unquestioned need, 2) those being worked as part of
NASA infrastructure reduction , 3) those to be worked for consolidation between agencies, and
4) those impacted when the proposed new wind tunnels are available. The listing of facilities by
category is shown in Figure 27.

In Category 2, five major facilities are scheduled for closure betiween FY 93 and 95.
In Category 3, the Ames/Army 7 x 10 #2 is scheduled to close in FY 94. Consolidation of testing
between the Langley 8 Ft. High Temperature Structures Tunnel and the AEDC
Aeropropulsion Test Unit (APTU ) is being worked.. The recent DoD facilities consolidation
study has identified unique, non-overlapping roles for the USAF AEDC and NASA Ames arc
Jet facilities. For Category 4 | it is difficult to predict the total impact of the proposed new wind
tunnels on the utilization of existing wind tunnels 10 years in the future due to the broad range of
wind tunnels currently utilized in aircraft development programs. However, there is consensus
on several points: 1) The U.S. industry will stop testing in Europe ($12 million per year); 2)
there will be a significant reduction in use (and likely closing) of industry-owned tunnels with
potential closing of some, i.e. Boeing Transonic Wind Tunnel (approx. $20 million per year) ,
and 3) major government development oriented wind tunnels such as the Ames 12-Ft. and
11-Ft. Tunnels and the AEDC 16T will be phased down/out depending on workload
(approximately 20 million per year). The status of facility consolidation is summarized in
Figure 28.

IV. NATIONAL FACILITY PLAN

The Aeronautics portion of the National Facility Study has conducted an extensive
review of requirements for development facilities to meet the competitive needs of the U.S
aircraft industry. Options and approaches to achieving the requirements were also studied. The
recommended facility actions are summarized in Figure 29.

The largest and most critical need is for new high Reynolds number, high productivity
subsonic and transonic wind tunnels. As stated earlier, both the cost estimate and schedule
(approximately $2.55 billion and 8 years) are believed to be conservative, and significant effort
should be devoted immediately to innovative technical and contractual approaches to reduce the
cost and schedule. The preliminary engineering design and technical efforts aimed at risk
reduction should be undertaken now. For supersonics, upgrades to the AEDC 16-S for
productivity, flow quality and reliability are required. There is also a strong recommendation
that research and development be funded for "quiet" flow supersonic wind tunnels. For
propulsion facilities there is a potential requirement for an upgrade in mass flow capability at the
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AEDC ASTF. However, it is recommended that a study be conducted to define the actual mass
flow requirements. Other upgrades include small modifications to ASTF for supersonic free jet
engine icing capability and engine nozzle testing and the Lewis Icing Research Tunnel. In
hypersonics, the emphasis is on facility research and development required to provide the
enabling technologies for system certification facilities and the Phase I research facilities which
can be built now with low risk and cost. The implementation of this plan in a timely manner
requires budget decisions as indicated in Figure 30.

The Aeronautics Task Group strongly believes that the implementation of this plan will
result in the facilities required for the U.S. Aeronautics industry to compete effectively in the
world market for many years to come. It is recognized, however, that the cost of this plan will
be a significant challenge in today's tight budgetary environment. Under these conditions various
combinations of options are obviously available for implementing parts of the plan. For example,
if only one new wind tunnel can be built due to funding constraints, it is the view of the Task
Group that the transonic tunnel is of higher priority. The impact of this option will be to lose
the high productivity, high Reynolds number test capability for high lift development and
acoustic testing. These deficiencies could be partially alleviated through improvements to
existing wind tunnels. Other options and the phasing of their initiation will clearly depend on
national urgency and availability of funding.

An expedient release of the FY 94 new facility funds is required to prepare for aFY 96
budget start on the new wind tunnels. Facility R&D funds to initiate the facility R&D programs
on supersonic and hypersonic facilities and mass flow requirements for the ASTF propulsion
facility should be included in both NASA and DoD budgets.
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A. INTRODUCTION

The Wind Tunnel Benchmarking Working Group took on the task to document the capabilities of
operational wind tunnels available for product development. This benchmarking effort was a part
of a larger effort to quantify the need for and generate the specifications for subsonic and
transonic wind tunnels required to support United States Aeronautical competitiveness into the
twenty first century. Emphasis is on product development of commercial transport aircraft with
research needs assuming to be satisfied by current or in process wind tunnels. The process used
to acquire and quantify the capability of current facilities was that of direct solicitation. Initial
sorting of active wind tunnels was significantly assisted by the cataloging effort conducted by
Amold Engineering and Development Center under the guidance of Dr. Don Daniel. This was
supplemented by the TEA Database maintained by the Miter Corporation for the U.S. DoD.

Background:

Advances in science and engineering of aeronautical products has closely paralleled the capability
of the wind tunnels to support development of products encompassing the theoretical
characteristics developed in the minds of our leading academicians and industrial theoreticians and
confirmed in research wind tunnels. This was noted in the British Journal of Aeronautical
Engineering where it commented "they (NACA) were the first to establish, and indeed to
visualize, a variable-density (wind) tunnel; and (with) a full-scale tunnel in which complete
aeroplanes up to 35-foot span can be tested. The present day American position in all branches of
aeronautical knowledge can, without a doubt, be attributed mainly to this far-seeing policy and
expenditure on up-to-date laboratory equipment.” Major advances have been made in the
efficiency with which commercial airfine industry transports people and cargo throughout the
world. One illustration of this is the growth in passenger seat miles just during the jet age of
commercial aircraft. Starting with the Comet of the mid 1950's with 20 seat miles per gallon of
fuel burned, we have progressed to today where several active aircraft yield 85 seat miles per
gallon. The capability and availability of modern wind tunnels to support development of
technology and application of technology to products has been largely responsible for these

advances.






B. WIND TUNNEL BENCHMARKING

The process of benchmarking starts with a challenge to select the appropriate parameters for
comparison and then collect all the data in the quantifying units that will support benchmarking.
The parameters selected on which to conduct wind tunnel benchmarking are related to the test
Reynolds numbers that can be established and the productivity generated in support of product

testing.

This rather simplistic approach was the result of many hours of listening to a number of very
capable people discuss wind tunnel characteristics needed to support acrodynamic tests of aircraft
ranging in size from single engine fighters up through transports having greater than one million
pounds takeoff gross weight. Although there are many wind tunnel operating characteristics that
are important to a successful test, it was concluded that the tried and proven parameters relating
to basic aerodynamic design and cost of testing were the ones most meaningful.

When this task was initiated, it was anticipated that benchmarking would include many other
operating parameters relating to wind tunnel quietness and the ability to set a test point precisely.
However, as the above described discussions were taking place it became apparent that the basis
for a more wide ranging comparison was not available or pertinent. Therefore, the wind tunnel
benchmarking presented here for the three categories of wind tunnels in question are limited to
measures of Reynolds number and productivity. The entire scope of data collected in this survey
is included in the report for those that will find it useful as a reference in the future.

The summary tables for subsonic, transonic and supersonic wind tunnels are presented here in two
categories. The first is a description of the mechanical features and the second is a description of
the productivity features. Included here is the results of all wind tunnels surveyed. Therefore,
responses for those currently inactive are also noted. Throughout the data, the notation N/A
indicates that no response was received for that wind tunnel in that operating characteristic.

BENCHMARKING:

Subsonic Wind Tunnels - The ONERA F1 wind tunnel located in France is currently the
benchmark for development wind tunnels having the capability to provide a test Reynolds number
of 10M/ft. and a data generation rate of 6 polars/hr. Grumman's 7x10 ft. tunnel is another capable
stand for the productivity with a data rate of 10 polars/hr.

Transonic Wind Tunnels - The situation is much less clear in selecting the transonic wind tunnel
benchmark than it is in subsonic wind tunnels. The NASA-Langley NTF with a Reynolds number
of 150M/ft. is by far the best. However, with a productivity level of 500 polars/year, it cannot
provide test data at a rate necessary to support a product development program.

Next in order is the European Transonic Wind Tunnel GmbH, located in Germany, having the
capability to provide a test Reynolds number of 70M/ft. and generate test data at a rate of 5000
polars/year (when operating at 3 runs/shift). This tunnel is just now coming on line and,



therefore, some unforeseen disruption may, in fact, have the tunnel yield lower values. Regardless
of these unknowns, this tunnel is considered the Transonic Wind Tunnel Benchmark. However, if
testing at higher data rates is more important than the higher Reynolds number, the AEDC 16x16
or 4x4 with 15 polars/Air-on-HR and 25 polars/Air-on-HR could be more satisfactory.

[
Supersonic Wind Tunnel - The number of variables to be considered in benchmarking supersonic
wind tunnels is different and less straightforward than the subsonic or transonic. Some of the
tunnels included in this survey probably more properly belong in a collection of Hypersonic (Mn >
4) tunnels. They have been retained in the data collection but are not considered in benchmarking
process. We have included in the supersonic wind tunnel listing all those facilities that exceed Mn
= 1. However, we have not included those with Mn < 2 for benchmarking process. When
considering the applicability of supersonic wind tunnels, the physical size of the test model is an
important factor along with Reynolds number in simulating the aircraft operating conditions.

Wind Tunnel 165 at AEDC with its 16x16 ft. test selection is by far the largest test section
available. However, it can only provide Reynolds number of 2.3M/R.

The two supersonic wind tunnels which are the benchmark for Reynolds number are NLR 1.2M x
1.2M, located in the Netherlands, and Vought 4x4 ft. at 37M/f. and 34M/ft. respectively. In
terms of productivity, Onera S2MA located in France with 6 polars/occupancy hour and Vought
4x4 ft. at 8 polars/occupancy hour are the benchmarks.



C. WIND TUNNEL SURVEY RESULTS

The known wind tunnels located outside the former Soviet Union, meeting a minimum size
criteria, were included in the survey. The wind tunnel benchmark solicitation is included as
Appendix 1 and the name address list of those surveyed is included as Appendix 2.

In conducting the survey, attempts were made to have all data consistent. However, in a survey
of this nature it is inevitable that some data will not be available in the units requested. This was

especially true in the case of wind tunnel operating cost and acoustic characteristics. The data is
presented as submitted. When it was not possible to normalize to a standard base, entries of N/A

indicate that no data were submitted for that operating characteristic.

These data have also been provided to the Miter Corporation where the U.S. DoD maintains the
TEA Database for facilities of interest.



SSV10 NI 1S38-
WNWT 6Z°0 01 €0’ PO oix¢ oARdY| 1 01 XL WBno vsn)
/NG 600 Pllog 8l oAl 100481 2 vsn
WINT, LE'0 01 0 PHOS oLxs oA0 *¥ 0L X¢ dosjLIoN vsn
VN Lte'o o PiIoS o1xg°Z oAl 38dIM3 ¥ 01X9°L LIN vs
We ez'0o PlioS) 0'ZTIXg'8 oAl 4 Zixg'8 3-va vsn
WING'T LE°0 O $O° VIN Zixg oAlO "3 ZLXg pooyy vsn
WWLT sz'oo VIN 8 1Zxg'yl oAD Y ZTAYL AFD vsn
WNS'L £00l PlIoS oLxz oAno ¥ 01X uswwp vsn
VIN 8c°0 01 Pliog ox oARo ONIDI/ON3V ONIZO08 vsn
VIN €00 PHoS 6%6 oy U 6x8 DNI30E vsn
wWnL 91’00 VIN 0zZ1%08 [YNE 81TZ-N Y 0Z1X08 SIN vsn
HINS'T g00l VIN oLxZ oAl 9LZ-N 3 01X SIW vsn
uing'T VIN VIN oLxz oAlLD S1Z-N 3 01X SIW vsn
YINE ’ g¥'0 0 VN 08X0¥ oApd
ey 900 plIos 41 oAo
U/NE 9€°0 01 szt 8'SIXp'9l oAlo
Wng'L LT°0 O $0°0 Plog 6XEl oA P0Jpeg 1) 6 X €1 VHA 3N
VIN peieAoReg PIOIIOH 34 X8 oVE 3N
UING’ 990°0 01 9£0°0 plos r'9L%0'81 oAo uouIM W 0°9Xg'g oVE N
W LE0 03 10" sz_ 6'8x1'cl oANOY| UOLBM W £°ZX0'Y OVE N
UING'L zool pUos 6'9xs's| oAOY| uoueM W |°ZXL°Z oVE b
v. POUOISSIILIOS: POt 34 gi @ 3N
WnWe'L 82'0 9 , VIN oIxzL oAnaY| uoyl4 1) 0LXZ| ovE N
umne'L gzoo PUOS sc Lxve'6] oAROY| w 9Z'TX0'C WIN| spuspeyieN
WNS'L ov'0 o1 (9%8xg)PonIs ‘plos LEXIE oANOY] w g°gxg'6 MNQ] spuspeyieN
WNT'L sl'oo . PlIoS 0'8IXE" LT oMoV w g°gxg'g VN usde
. peucissjwwoseql uebuIoH W € X WE W1a Ausuueg
sco 0 PlIoS| 6L%6'L oAoY]  |suey-0AIy W ' TXY'Z YO Aususep
Lo pellogs 40 pijos ToT oAjIOY|
BTNoL 9€°0 0 PlloS g LIXg'yL LINE |
BINT'L £1°0 01 900" VIN 8'ef eANoY
*ON SGTONATY HEENNN HOYIN STIVM NOLLD3S 1831 "3 °NOWLO3S 1831 |  snivis

AHVIWHIN3IE TVIINVHIIN TINNNL ANIM JINOSENS




SSV10 NI Ls38

inoy 2v0/1ej0d € ay| VIN 091 o} O¥ oLx(] 3 01xZ wyBno vsn
V/IN ay| VIN 0Z 1 o1 lueiqui 8l 120 4 8L 241N vsn
anoy 220/18jod ¢, 3 V/N 001l 01 09 oLxy ‘Y 0LXL dosyuoN vsn
] Suop ozL o o192 3SdIT3 Y 0LXg°L LIW vsn
VIN LY ueiquiy 0'TIXg'8 ¥ ZIX9'8 3-YaW vsn
Iy V/N wsiquiy Tixg ‘M ZT1xg pesyxoo] vsn
- 3y VIN 091 9 Ot 8 1TXg ¥l Y ZTxyL ATIONV vsn
el v ouoN oz1 o of oux[alsE R Wy iimuiniol ity SN
4y 920/18j0d | Iy VIN OLi ol Ot~ oxp ONIDI/OH3V ONI308} vsn
Wy ieody) Jy| V/IN ueiquiy 6%6 1 8x8 HNIJ08 vsn
V/IN 0y suopN SZ| 1 jusiquy] oz —xom_ 81ZZ-N Y 0Z1%08 SINV] vsn
VIN ay| V/IN 06 olx, 91Z-N ¥ OLXL SINV] vsn
VIN Ay VIN VIN oLxL SLZ-N ¥ 01%L STNV] vsn
VINY . ny suoN 0Z | 0} eiquy 08%0Y LZZ-N Y 08X0P SINV] vsn
1y 920/18j0dZ | UoIsIADLd “UY| V/N ovlL ol 0L zL 80Z-N ¥4 Z1 S3INV] vsn
1N/ 1v10d0QZE ‘Asp/sejod T | ] VIN $01 01 ZE I RIACT ybBnosoquiej w g <¢om N,
noyejed Z ay| VIN eiquy| 6XEl Piojpeg 3} 6 X €1 VHA| an
PI®iNeH 13 ¢x6 oval N
VIN any| V/N equIy Y'oLx0'8l uolepm w 0'gxg'g eval aIN
VIN v VIN eiquiy 6'8x1'El UOLIBM W £°ZX0'Y .<m_, AN
V/N ny VIN Woquy| 6'9%6'sf| UOLUM W |°ZxL T oVl N
PISYISH 1J 91 ova) an
Jnoy/sjod 7 v VIN eIquyy, oLxz1 uollid Y OLXZ 1L o<mm AN
JInoy 990/sej0d ¢ ay| euop Wusiquiy| 8€°LXp8’'8 W gZ'ZX0'E UIN|| spuspeyieN
Inoysiejod Z| 03 ¢ ny| oosy) $01 ©) Jueiquiy LEXLE w g'gxg'¢ MNQ|| spuspeyien
inoy 200/s18j0d ¢ ay| euQ 0L O LY 0'8IXE" LT w g'gxg'g VN uedep
uebumon w ¢ x we YIgh Auguueg
ueBonN] VIN 089 ° 822" 6°Lx8°L]| 1suey-oAiy w y'Zxy T WIA]
ay| VIN oviLolg 414 WL B Rinug
ny| VIN voL o1 9 g LIXg'plL bt
| VIN ueiquiy| 86
sVvD 1531 [ siuvd waNId 4 ‘dW3l ONILVH3dO ¥ 'NOILD3S 1531 ALNiovd AH1NNOD

AHVIWHONIE ALIALLONAOYd TINNNL GNIM JINOSENS




SSV10 NI 1S3e-fi
Loy {s010d 9%G'zZ) S0y bop O] yxp] UMOPMOIQ IUSILIBI] 3} YXP IGONOA
g'c 0 y| plos Xt ¥4 £XL §OMAO0Y
08°'L 0} ool SNoiog X
oy VIN zexzef
riaz VIN vextd
si'La panols §°GX5'S "W 9'GXG"G SUADIN
8600 9' panojs pixpL 8LZ-N Y PLXPL SIWY
g'Log PeNOIS Jo plog LixLy VLZTZT-NY LIXLL SIWY
0'Z01 1'0} (s0s0d 901-0)P3uOU) 'PaIRION yx
9'L 01 90’ (sos0d 95,9)paulou! ‘paesopiay 9Lx9(
sZTL O panols 6°6%9G°9
Lok paresopad ‘paniolg 9°'9%9'g
gL 06 pauog 6'¢x9'08 19 ‘ o
gLogL paiesoped o pos ¢ sxgs| VINZS ©18uQ
‘ON SGIONAIY | HISWNN HOVW STIVM NOILI3S 1S31 ¥ “NOILO3S 1S3l ALNIOVS AULNNOD

AUVINHON3E TVIINVHIIW TINNNL ANIM JINOSNVHL




SSV10 NI 1538- ¥

3 ° NOWLD3S 1S3t |

Jnoy 290/ssejod n_ T ouQ 001 PXpy UMopMmolg Jueruiieiul 3} pxp IyBno, vsn
190A/sumj0d OOPT *inoy 990/siejod 7 Ay euQ oL %t RENRTATLD BT vsn
anoy 220/sej0d g Ny ®uQ 001 X Y ¥Xy IYQW vsn
dA/siei0d 00g|  ueBoiyu pue ay V/IN 091 01 0C¢e- T'8xT'g 31N A139NV vsn
VIN Ay VIN 0Z1 91 00| bV LxitL i 8 ATAONW vsn
4noy 220 /iejod | 4y V/IN 00} 9°9x9°'9 ‘M 9°9Xg°g eUApPINy vsn
V/N} Y| SUON 091 0} equy| PixpL SIZ-N U ¥ixpl SINY vsn
N/1ejod ¢ Av| VIN 9Z1 a1 0L XLy VLTT-NY LIXLL SIN vsn
N-uo-se/eseiod gz Ay VIN 9€L 01 06 px Y ¥Xp 2Q3vV| vsn
4 -uo-yu/sseiod g| AY| VIN 081 0108 oLxg1 4 91xgl OQ3v| vsn
Jnoy 230/svj0d mr 4| SUON 0l o1 98 6°9%99°9 W g1 x0°Z UINj spuspeyieN
Asp/sssiod g| Ay| euQ orl o1 yoi 9°9%9°9 djuosue1) wgxz TYN
i g v.. _ oyos z:_, ueBosyN VIN ¥0l 01 £62- 8°'LXx9°9 WD PULMPOA .
dnoy aso/ieiod p| o) 9 Ay VIN $01 01 98 L°9%8°9 VINZS @0uQ
ALIALLONQOHd SVD 1831  |Silyvd WNN31dfd ‘'dW3L DNILVEIdO ALNIDVY

AYVINHON3IE ALIAILONAOYd TINNNL ANIM JINOSNVYL




SSY1D NI 1s38-

sl Yool PUOS ol YT
_ e o yy Plos LxL "I} £XL NOM3OOY
Wse 9'g 0 g snosog M ¥X¥ 3-VaN
UINS gL't o0 peNofs| ‘W 9°'9%g°g uApingy
¥/NG'9 gz 0l gg°| PlioS BLZT-N 1) £X8 SINY
WIZ'g 9'€.019Z PHos OLTT-N Y LX8 SNV
WINS'L Ol pue ‘g’ puos 2 |suuny a3y
. Spus g Plios @ jouun) 9a3y
9'goig-| PYoS £'EXC°E] V jsuung 503y
vl Piios poaayl
9zoig PHIOS piojpeg 1) gxg vua|
0'gogZ 1vong} AllewosDd ejqelea ‘pijos pxg] oluosiedng ydiH psojpeg 1 ¥X§ YYHQ
o'y ol pHos Pxp] UOLBM ‘UMopMmOlg W TZ'LXZZ") OvE
vorg plosg ¥6°EXP6°E ZAUNN
violy pelsioped ‘perio)s 9°9%9'9 w Z IvN
g0 E.M_ PeNolS 6°LX9 9l HQWD |SUUMPUIM JuOsUBIL ueedoin] Auvunep
{Subs) = ng'}| lzzoigel ${zZou |eAR| ejqixey £'exg’g]  ueBupiop uosuesy wii x Wi Yiq Ausuneg
V/N ot oy Pyog 6't ueBuioy (D3H) W Z°L YIQ Ausuneg
HINYZ 9'¥ 0190 89104 PeulioU} OOE ‘01182 B8 USdO %9 ‘peIRIOLeY 0'Zx0°Z MWL W 9°'0%9°0 ¥1Q Ausueg
::zor i o n.m__ 19f @0u4 0z NZH VIQ w 9°0 WG Ausuueg
HINET g’y o192 VIN 9'1X9°L usBuiop w g'0x9°0 HIQ Ausunep
YngL 8'9 0l | VIN 9L ueBuiliop vig w g°0 H1Q Ausuueg
(SUbs) = g 9'q 01 p°E PlloS 9°Txg°7 VIES w10uQ oouRLy
(S wbs) = yg'g 1'€ 01 g°| pelesoped Jo pliog L'9%g"9 VINZS ®s0uQ| o0uBLy
‘ON SGTONAIY | HISWNN HOVIN STIVM NOLLD3S 1531 3 NOIWLD3IS 1531 ALNIOVY AHINNOD ]

AYVIWHON3IE TVIINVHIOIN TINNNL ANIM JINOSHIANS




SSV1J NI 1S38-

geopemiod oY Iy VIN 001 Xy
.3220_2. oorz .E soo/sejod 7 Iy euQ)| oL L x¢L
(09pOE) 49j0d 0} yw 7 Iy 8uQ 0ol [ 44
Inoy ooo/ssjod | v VIN ool §°9%G'S
ww gg/ejod | iy OGuoN VIN L%6
uw pg/isjod | Iy ouoN orl 21 0L {xg
#y-uo-y/uejod g Ny VIN orvi [ 4
y-uo-8/i8j0d 0Z Iy VIN 068 91 06¢ [
Y-uo-ye/ivjod 0 iy VIN 09€ ©1 00| e'ExXe’e

I4-uo-418/s810d g Iy VIN]| eiqissod 0gg o) 001 o1%91{ i

ownsse Awp/siejod y7 < sy VIN ¥01 2 05 8%8 Piojpeg 3} gx8 YuQ

ssjod yrod 9| soj ww 7| iy VIN Z0g 0} Jueiqury pxg owosedng yBiY piojpeg 3) pXE WHQ

VINY i/ VIN ueiquiy PXp{ UOUBM ‘UMmopMmolg W TZ°{XZZ | oV

Wysjod 7 4y SuoN Jueiqury vE'EXYE'E TUXTLHIN

Aep/sisjod g | ay euQ orli o $01 9°9%9°9 WZIvN

Hiys/suni ¢ “19eA/0005 ueBospn| VIN . YOl ©) L6T- 6°LX9°9f HIWD |SUUMpUIM djuosuss ] usedoing

ui Ntc_o} iy e L0) 01 89 E'EXE’'E ueBuriog ojuosuel | w| x wi Y|

Asppisjod 1} uoBie ‘weBoiyu ‘ay] euopN GZ1E 01 §ZEL 6'E weBuio (D3H) W Z°L Y1

Avp/sisiod g Iy . SuQ ¥9¥ 0} Jueiqury 0'Tx0°Z AL W 9°0%9°0 YIQ}

Asp/suru z| Iy VIN LS0T 0T MZH VIQ W 9°0 H1Q|

Aspjiejod oz iy VIN 097 97 ixg'} wbunion W §°0X5'0 z..oﬂ

Aep/iejod o7 iy VIN 008 o'l uebuniop viQ W §°0 y1af

noy d00/1sjod ¢| iy VIN 799 9 65 9°TXGT VIES s1euQ]

G andd oo mind i il 0og ) | VIN ¥01 01 98 L'SXE'9 WINZS ®aeug ve
ALIALLONGOYd SV 18341 SLYVO WNNTW |[4 'dW3L DNILVH3JO )| ¥ * NOILD3S 1531 >¢hz:oo |

AYVWHONIE ALIAILONAOYd TINNNL ANIM JINOSHIdNS




SUBSONIC WIND TUNNELS

FACILITY: VKIL-1A

COUNTRY : Belgium

ADDRESS : Chaussee De Waterloo, 72
STATE/PROVINCE :

CONTACT :Prof. Mario Carbonaro
TITLE : NA

OPERATIONAL :Active

CITY : B-1640 Rhode Saint GENASA

ZIP/POSTAL CODE :
PHONE: 32-2-358-1901
FAX: 02-358-2885

TEST SEC. DIMENSIONS, m : 3.0

TEST SEC. GEOMETRY : N/A

MACH NUMBER RANGE : 0.005 to 0.17

OPERATING TEMPERATURE, C: Ambient
F: Ambient

OPERATING PRESSURE, atm :

SHELL MATERIAL :

SHELL OPERATING PRESSURE, atm : N/A

Atmospheric

COOLING SYSTEM: N/A
THERMAL INSULATION, C :N/A

F:NA
DRIVE POWER : §80 kW
PLENUM CARTS : N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :N/A
OPERATING COST :N/A

COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A

feet: 9.8

REYNOLDS NUMBER : 1.2M/t



SUBSONIC WIND TUNNELS

FACILITY : VKI L-1A

CONTD

HIGH PRESS. AIR FOR PROP. : NA
SUPPLY RATE : NJA

SUPPLY TIME :N/A

SUPPLY TEMPERATURE, C : NVA
PUMP RATE : N/A

MINIMUM PRESSURE, Pa : N/A

SFC STORAGE : N/A

MAX STORAGE PRESS., Pa : N/A
FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : N/A
FLOW ANG, CLS'D TS DEG : NA
FLOW ANG DIST, CLOSED TS: N/A
TOTAL TEMP DIST,CLS'DDEG: N/A
TURB INTENSITY, CLS'DTS% : 0.3%
DYN PRESS DIST,OPENJET: N/A
FLOWANGULAR, OPENJET: N/A
FLOWANGDIST,OPENJET: NI/A
TOTAL TEMP DIST, OPEN JET: N/A
TURBINTENSITY, OPENJET: N/A

ACOUSTIC NOISE :N/A

LAMINAR TESTING :N/A

IN-FLOW NOISE LEVEL :
1.25KHZ:PSD( 1/3 OCT SPL) : NJIA
40.0KHZ:PSD (13 OCT SPL) : N/A

OUT-of-FLOW NOISE LVL, 35 ft: N/A
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : NJA

F:NA

PSIA : N/A

PSIA :N/A

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : NJA
MAX TEST PRESSURE, atm: N/A
OPEN JET, TEST GAS : N/A

JET LENGTH, m :NJA

MAX MEAS RADIUS, m : NJA
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA

feet :N/A
feet :N/A



SUBSONIC WIND TUNNELS

FACILITY: Onera F1

COUNTRY : France

ADDRESS : F1 Onera Centre du Fauga-Mauzac
STATE/PROVINCE :

. CONTACT :M. Bazin

TITLE ; Deputy Director, Large Testing Dept

OPERATIONAL :Active

CITY:

ZIP/POSTAL CODE :
PHONE : (1)46-73-40-40

FAX : (1)46-73-41-44

TEST SEC. DIMENSIONS, m : 4.5x3.5

TEST SEC. GEOMETRY : Solid

MACH NUMBER RANGE : 0 to 0.36
OPERATING TEMPERATURE, C: 30 to 40
F: 86to 104

OPERATING PRESSURE, atm: 3.8 atm
SHELL MATERIAL : Concrete
SHELL OPERATING PRESSURE, atm : 4 atm

COOLING SYSTEM : Water
THERMAL INSULATION, C :None
F :None

DRIVE POWER : 9.5 MW

PLENUM CARTS :N/A
PRESSURIZATION RATE 0.05 atm/min
TEST GAS :Air

PRODUCTIMVITY : 6 polar/occ hour
OPERATING COST :N/A
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : 80

CUSTOMERS, Military : 10

feet: 14.8x11.5

REYNOLDS NUMBER : 10MAt



SUBSONIC WIND TUNNELS

FACILITY : Onera F1 CONTD
HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 3 Kgls
SUPPLY TIME : N/A
SUPPLY TEMPERATURE, C : 20 to 80 F:68to 176
PUMP RATE : N/A
MINIMUM PRESSURE, Pa : NJA PSIA: NJA
SFC STORAGE : 1400
MAX STORAGE PRESS., Pa : 27TM PSIA : 3909
FLOW QUALITY : .
DYN PRESS DIST, CLOSED TS : 0.002q
FLOWANG, CLSDTSDEG: .08
FLOW ANG DIST, CLOSED TS : NIA
TOTAL TEMP DIST.CLSD DEG: NI/A
TURB INTENSITY, CLSD TS% : .0015%
DYNPRESS DIST. OPEN JET: ~ NIA OPEN JET TEST SECTION : N/A
FLOW ANGULAR, OPEN JET:  NIA ANECHOIC CHAMBER : NJA
FLOW ANG DIST, OPENJET:  NIA MAX TEST PRESSURE, atm: NIA
TOTAL TEMP DIST, OPEN JET: NIA OPEN JET, TEST GAS : NIA
TURB INTENSITY, OPEN JET:  NIA JETLENGTH, m -NIA oot NIA
ACOUSTIC NOISE :Yes MAXMEAS RADIUS,m: NIA  feet:N/A
LAMINAR TESTING : Yes DIRECTIVITY ANGLES : N/A
IN-FLOW NOISE LEVEL :
1.25KHzPSD( 1/3 OCT SPL) : NIA CIRCUIT ACOUSTIC TREAT. : N/A
40.0KHz:PSD (1/3 OCT SPL) : NIA

OUT-of-FLOW NOISE LWL, 35 ft : N/A

1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL}) : NIA

DRIVE FAN PROVISIONS : Variable pitch, constant speed



SUBSONIC WIND TUNNELS

FACILITY : Onera SIMA OPERATIONAL :Active

COUNTRY : France

ADDRESS : Onera Cenire de Modane-Avrieux-BP25 CITY : 73500 Modane
STATE/PROVINCE : France . ZIP/POSTAL CODE :
CONTACT :M. Bazin PHONE : (1)46-73-40-40
TITLE : Deputy Director, Large Testing Dept FAX : (1)46-734144
TEST SEC. DIMENSIONS, m : 8.0 feet: 26.2

TEST SEC. GEOMETRY : Solid or slotted

MACH NUMBER RANGE : 0 to 1 REYNOLDS NUMBER : 4MAt
OPERATING TEMPERATURE, C : -15 to 60
F: 5to140

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : 1 atm

COOLING SYSTEM : Air
THERMAL INSULATION, C :None
F : None

DRIVE POWER : 88 MW

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTMTY :6 polar/occ hour
OPERATING COST :N/A

COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A



SUBSONIC WIND TUNNELS

FACILITY : Onera S1IMA

CONTD

HIGH PRESS. AIR FOR PROP. : N/A
SUPPLY RATE : N/A

SUPPLY TIME :N/A

SUPPLY TEMPERATURE, C : NJA
PUMP RATE :N/A

MINIMUM PRESSURE, Pa : N/A

SFC STORAGE : N/A

MAX STORAGE PRESS., Pa: NJA
FLOW QUALITY : o

DYN PRESS DIST, CLOSED TS : N/A
FLOW ANG, CLS'D TS DEG : 0
FLOW ANG DIST, CLOSED TS : 0.05/m
TOTAL TEMP DIST.CLS'DDEG: NIA
TURB INTENSITY,CLS'DTS% : .001%
DYN PRESS DIST, OPENJET: N/A
FLOW ANGULAR, OPENJET: NI/A
FLOWANG DIST,OPENJET: NI/A
TOTAL TEMP DIST, OPEN JET: N/A
TURB INTENSITY, OPENJET: N/A

ACOUSTIC NOISE :Yes

LAMINAR TESTING : N/A

IN-FLOW NOISE LEVEL :
1.25KHZ:PSD( 13 OCT SPL) : N/A
40.0KHzPSD (13 OCT SPL) : NIA

OUT-of FLOWNOISE LVL, 35 ft: N/A
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : NJA

F: N/A

PSIA : NJIA

PSIA :N/A

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : N/A

MAX TEST PRESSURE, atm: NJA
OPEN JET, TEST GAS : N/A

JET LENGTH, m :N/A

MAX MEAS RADIUS, m : NJA
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA

feet :N/A
feet :NJA



SUBSONIC WIND TUNNELS

FACILITY : DLR 2.4x2.4 m Kryo-Kanal
COUNTRY : Germany

ADDRESS : Hauptabteilung Windkanal-Abteilung Gottingen

STATE/PROVINCE : Gotlingen
CONTACT :Dr. Fritz Lethaus
TITLE : N/A

OPERATIONAL :Active

CITY : Bunsenstrabe 10

ZIP/POSTAL CODE : D-37073
PHONE : (49) 551-709-2148

FAX: (49) 551-709-2179

TEST SEC. DIMENSIONS, m : 2.4x2.4

TEST SEC. GEOMETRY : Solid

MACH NUMBER RANGE : 0 to 0.38

OPERATING TEMPERATURE, C “173to 27
F: -279to 80

OPERATING PRESSURE, atm:  Atmospheric

SHELL MATERIAL : Concrete

SHELL OPERATING PRESSURE, atm : 1.1 atm

COOLING SYSTEM : Liquid nitrogen

THERMAL INSULATION, C :-173

, F:-243
DRIVE POWER : 1 MW

PLENUM CARTS : N/A

PRESSURIZATION RATE N/A

TEST GAS :Nitrogen

PRODUCTIVITY :40 polars/day
OPERATING COST :N/A
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A
CUSTOMERS, Military : N/A

feet: 7.9x7.9

REYNOLDS NUMBER : N/A



SUBSONIC WIND TUNNELS

FACILTY : DLR 2.4x2.4 m Kryo-Kanal CONTD
HIGH PRESS. AIR FOR PROP. : NIA

SUPPLY RATE : NJA

SUPPLY TIME : N/A

SUPPLY TEMPERATURE, C : NIA F: NIA

PUMP RATE : NIA

MINIMUM PRESSURE, Pa : N/A PSIA : NJA

SFC STORAGE : N/A

MAX STORAGE PRESS., Pa: N/A PSIA:

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : 0.1

FLOWANG, CLSDTSDEG:  0.08

FLOW ANG DIST, CLOSED TS : NI/A

TOTAL TEMP DIST.CLSD DEG: 0.5C

TURB INTENSITY, CLSD TS% :  0.15%

DYNPRESSDIST, OPENJET:  NIA OPEN JET TEST SECTION : N/A

FLOW ANGULAR, OPEN JET:  NIA ANECHOIC CHAMBER : NiA

FLOW ANG DIST, OPEN JET:  N/A MAX TEST PRESSURE. atm: N/A

TOTAL TEMP DIST, OPEN JET:  N/A OPEN JET. TEST GAS : NIA

TURB INTENSITY, OPEN JET:  NIA JET LENGTH, m :N/A feet :NIA
ACOUSTIC NOISE :No MAXMEAS RADIUS, m: NJA ~ feet :NJA
LAMINAR TESTING : N/A DIRECTIVITY ANGLES : NIA

IN-FLOW NOISE LEVEL :

1.25KHzPSD( 1/3 OCT SPL) : NJA CIRCUIT ACOUSTIC TREAT. - NIA

40.0KHz:PSD (1/3 OCT SPL) : N/A
OUT-of-FLOW NOISE LVL, 35 ft: N/A
1.25KHZ:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : N/IA



SUBSONIC WIND TUNNELS

L

FACILITY: DLR 3m x 3 m Gottingen

COUNTRY : Germany

ADDRESS : Hauptabteilung Windkanal-Abteilung Gottingen
STATE/PROVINCE : Gottingen

CONTACT :Dr. F. Lethaus

TITLE : N/A

OPERATIONAL :Decommissioned 1994

CITY : Bunsenstrabe 10

ZIP/POSTAL CODE : D-37073
PHONE : (49) 551-709-1

FAX : (49) 551-2179

TEST SEC. DIMENSIONS, m : feet:

TEST SEC. GEOMETRY :

MACH NUMBER RANGE :

OPERATING TEMPERATURE, C :
F:

OPERATING PRESSURE, atm :

SHELL MATERIAL :
SHELL OPERATING PRESSURE, atm :

COOLING SYSTEM :

THERMAL INSULATION, C :
F:

DRIVE POWER :

PLENUM CARTS :

PRESSURIZATION RATE :

TEST GAS :

PRODUCTMITY ;
OPERATING COST :
COSTS; REPLACEMENT :

CUSTOMERS, Civilian :

CUSTOMERS, Military :

REYNOLDS NUMBER : N/A



SUBSONIC WIND TUNNELS

FACILITY : DLR 3m x 3 m Gottingen

CONTD

HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE :

SUPPLY TIME :

SUPPLY TEMPERATURE, C : F:
PUMP RATE :

MINIMUM PRESSURE, Pa: PSIA:
SFC STORAGE :

MAX STORAGE PRESS., Pa : PSIA :
FLOW QUALITY :

DYN PRESS DIST, CLOSED TS :

FLOWANG, CLS'D TS DEG :

FLOW ANG DIST, CLOSED TS :

TOTAL TEMP DIST,CLS'D DEG :

TURB INTENSITY, CLS'D TS% :

DYN PRESS DIST, OPEN JET : OPEN JET TEST SECTION :
FLOW ANGULAR, OPEN JET : ANECHOIC CHAMBER :

FLOW ANG DIST, OPEN JET : MAX TEST PRESSURE, atm:
TOTAL TEMP DIST, OPEN JET : OPEN JET, TEST GAS :

TURB INTENSITY, OPEN JET : JETLENGTH, m :

ACOUSTIC NOISE : MAX MEAS RADIUS, m :
LAMINAR TESTING : DIRECTIVITY ANGLES :
IN-FLOW NOISE LEVEL : CIRCUIT ACOUSTIC TREAT. :

1.25KHz:PSD( 13 OCT SPL) :
40.0KHz:PSD (13 OCT SPL) :
OUT-of-FLOW NOISE LVL, 351t :
1.25KHz:PSD(1/3 OCT. SPL) :
40.0KHz:PSD(1/3 OCT. SPL) :

DRIVE FAN PROVISIONS :

feet :

feet:



SUBSONIC WIND TUNNELS

FACILITY : NAL 6.5x5.5 m
COUNTRY : Japan

ADDRESS : Aircraft Aerodynamics Division, National Aerospace

Laboratory .
STATE/PROVINCE : Tokyo
CONTACT :Y. Hayashi
TITLE : NA

OPERATIONAL :Active

Z2IP/POSTAL CODE :
PHONE: N/A
FAX: N/A

TEST SEC. DIMENSIONS, m : 6.5x5.5

TEST SEC. GEOMETRY : Solid
MACH NUMBER RANGE : 0 to 0.18

OPERATING TEMPERATURE,C: 5to 40
F: 41to104

OPERATING PRESSURE, atm :
SHELL MATERIAL : Concrete and steel
SHELL OPERATING PRESSURE, atm : 1 atm

Atmospheric

COOLING SYSTEM : None
THERMAL INSULATION, C :None
F : None

DRIVE POWER : 1.6 MW

PLENUM CARTS :One
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :3 polars/occ hour

feet: 21.3x18.0

REYNOLDS NUMBER : 1.2M/ft

OPERATING COST :350,000 Yen/occ hour, 130,000 Yen/polar

COSTS; REPLACEMENT : 7 billion Yen

CUSTOMERS, Chvilian : 85

CUSTOMERS, Military : 1§

CITY : 7-44-1 Jindaijihigashi-Machi Chofu-shi



SUBSONIC WIND TUNNELS

FACIUTY : NAL 6.5x5.5 m CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 80 Kg/s

SUPPLY TIME : 30 min

SUPPLY TEMPERATURE, C : 5 to 40 F:41to 104

PUMP RATE : 8.3 Kg/s

MINIMUM PRESSURE, Pa: 1 M PSIA : 146

SFC STORAGE : 72000

MAX STORAGE PRESS., Pa: 2M PSIA : 284

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : 0.5%

FLOWANG,CLSDTSDEG: 0.3

FLOW ANG DIST, CLOSED TS: NJ/A

TOTAL TEMP DIST,CLS'D DEG: NIA

TURB INTENSITY, CLS'D TS% :  0.19%

DYN PRESS DIST, OPEN JET:  0.5% OPEN JET TEST SECTION : NiA

FLOW ANGULAR, OPEN JET: 0.3 ANECHOIC CHAMBER : NO

FLOWANG DIST, OPEN JET:  N/A MAX TEST PRESSURE, atm: Atmospheric
TOTAL TEMP DIST, OPEN JET: NI/A OPEN JET, TEST GAS : Alr

TURB INTENSITY, OPEN JET:  0.17 JET LENGTH, m :NJA feet - NJA
ACOUSTIC NOISE :No MAX MEAS RADIUS, m : NJA feet :NJA
LAMINAR TESTING : 72 dB at 15 KHz DIRECTIVITY ANGLES : N/A

IN-FLOW NOISE LEVEL :

1.25KHZ:PSD( 1/3 OCT SPL) : NJA CIRCUIT ACOUSTIC TREAT. : None

40.0KHz:PSD (1/30CT SPL): N/A
OUT-of-FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : Not designed for low noise



SUBSONIC WIND TUNNELS

FACILITY : DNW 9.5x9.5 m

COUNTRY : Netherlands

ADDRESS : Deutsch-Nederlandischer Windkanal
STATE/PROVINCE : Emmeloord

CONTACT :Prof. H. U. Meier

TITLE : N/A

OPERATIONAL :Active

CITY : Postbus 175

ZIP/POSTAL CODE : 8300 AD
PHONE : 31-0-5274-8556

FAX: 31-0-5274-8582

TEST SEC. DIMENSIONS, m : 9.5x9.5

TEST SEC. GEOMETRY : Solid, slotted(8x36)

MACH NUMBER RANGE : 0 to 0.40

OPERATING TEMPERATURE, C: Ambient to 40
F: Ambientto 104

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : N/A
COOLING SYSTEM : Water
THERMAL INSULATION, C :N/A
F:NA
DRIVE POWER : 12.5 MW
PLENUM CARTS : Three
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :4 to 12 polars/hour
OPERATING COST :$3350 to $5140/hr. (1993 tarrif)

COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : 90%
CUSTOMERS, Military : 10%

feet: 31x31

REYNOLDS NUMBER : 1.5MAt



SUBSONIC WIND TUNNELS

FACILITY : DNW 9.5x9.5 m CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 6 Kg/s cont, 30 Kg/s max

SUPPLY TIME :NIA

SUPPLY TEMPERATURE, C : NIA F: N/A

PUMP RATE : N/A

MINIMUM PRESSURE, Pa : NIA PSIA : NIA

SFC STORAGE : N/A

MAX STORAGE PRESS., Pa: N/A PSIA :N/A

FLOW QUALITY : .

DYN PRESS DIST, CLOSED TS : 0.1%

FLOWANG, CLSDTSDEG: 0.1

FLOW ANG DIST, CLOSED TS : N/A

TOTAL TEMP DIST,CLSD DEG : 1C

TURB INTENSITY, CLSDTS% :  0.12%

DYNPRESSDIST. OPEN JET: ~ 0.1% OPEN JET TEST SECTION : YES

FLOW ANGULAR, OPEN JET: 0.1 ANECHOIC CHAMBER : NiA

FLOWANG DIST, OPENJET:  NIA MAX TEST PRESSURE, atm: Atmospheric
TOTAL TEMP DIST, OPEN JET: 1C OPEN JET. TEST GAS : Al

TURB INTENSITY, OPEN JET:  0.25% JETLENGTH, m 10 oot 328
ACOUSTIC NOISE :YES MAX MEAS RADIUS, m : 10 feet:32.8
LAMINAR TESTING :NIA DIRECTIVITY ANGLES : 45 to 155
IN-FLOW NOISE LEVEL :

1.25KHz:PSD( 1/3 OCT SPL) : NJA CIRCUIT ACOUSTIC TREAT. : N/A

40.0KHz:PSD (13 OCT SPL): N/A
OUT-of-FLOW NOISE LWL, 35 ft : NJA
1.25KHZ:PSD(1/3 OCT. SPL) : NJA
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : N/A



SUBSONIC WIND TUNNELS

FACILITY : NLR 3.0x2.25 m
COUNTRY : Netherlands
ADDRESS :

STATE/PROVINCE :

CONTACT :Henk A. Dambrink
TITLE : N/A

OPERATIONAL :Active

CITY : Emmeloord

ZIP/POSTAL CODE :
PHONE: 31-0-20-511-3399

FAX: 31-0-20-511-3210

TEST SEC. DIMENSIONS, m : 3.0 x 2.25 feet: 9.84x7.38

TEST SEC. GEOMETRY : Solid

MACH NUMBER RANGE : 0 to 0.23

REYNOLDS NUMBER : 1.8M/ft

OPERATING TEMPERATURE, C: Ambient
F : Ambient

OPERATING PRESSURE, atm :
SHELL MATERIAL : Steel

Atmospheric

SHELL OPERATING PRESSURE, atm : 1 atm

COOLING SYSTEM : None
THERMAL INSULATION, C :None
F : None

DRIVE POWER : 700 kW

PLENUM CARTS :None
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY : 4 polar/occ hour
OPERATING COST :N/A
COSTS; REPLACEMENT : $10 M

CUSTOMERS, Civilian : 90%

CUSTOMERS, Military : 10%



SUBSONIC WIND TUNNELS

FACILUTY : NLR 3.0x2.25 m

CONTD

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 6 kg/sec

SUPPLY TIME : Continuous

SUPPLY TEMPERATURE, C : 70

PUMP RATE : 6 kg/sec

MINIMUM PRESSURE,Pa: 1M

SFC STORAGE : 443000

MAX STORAGE PRESS., Pa: N/A

- FLOW QUALITY : .

DYN PRESS DIST, CLOSED TS : 0.1%
FLOW ANG, CLS'D TS DEG : 0.1
FLOW ANG DIST, CLOSED TS : 0.05/m
TOTAL TEMP DIST,CLSDDEG: 2C
TURB INTENSITY, CLS'D TS% : 0.08%
DYN PRESS DIST, OPENJET: NI/A
FLOW ANGULAR, OPENJET: NIA
FLOWANGDIST,OPENJET: N/A
TOTAL TEMP DIST, OPENJET: NI/A
TURB INTENSITY, OPENJET: NI/A

ACOUSTIC NOISE :N/A

LAMINAR TESTING :N/A

IN-FFLOW NOISE LEVEL :
1.25KHz:PSD( 13 OCT SPL): N/A
40.0KHz:PSD (1/3 OCT SPL) : N/A

OUT-of-FLOW NOISE LWL, 35 ft: NJA
1.25KHz:PSD(1/3 OCT. SPL) : N/IA
40.0KHz:PSD(1/3 OCT. SPL) : N/IA

DRIVE FAN PROVISIONS : N/A

F:.158

PSIA: 147

PSIA :N/A

OPEN JET TEST SECTION :N/A
ANECHOIC CHAMBER : N/A
MAX TEST PRESSURE, atm: NVA
OPEN JET, TEST GAS : N/A

JET LENGTH, m :N/A

MAX MEAS RADIUS, m : NJA
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA

feet :N/A
feet :NJA



SUBSONIC WIND TUNNELS

FACILITY : BAe 12x10 ft Filton
COUNTRY : UK

ADDRESS : BAE, PO Box 77
STATE/PROVINCE : England
CONTACT :M. H. Marsden

TITLE : Manager - Aero Labs

OPERATIONAL :Active

CITY : Bristol

ZIP/POSTAL CODE : BS99 7AR
PHONE : (0272)36-2809

FAX : (0272)36-4535

TEST SEC. DIMENSIONS, m : 3.7 x 3.0

TEST SEC. GEOMETRY : N/A

MACH NUMBER RANGE : 0 to 0.25

OPERATING TEMPERATURE, C : Ambient
F: Ambient

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : N/A
SHELL OPERATING PRESSURE, atm : N/A

COOLING SYSTEM : NJA

THERMAL INSULATION, C :N/A
F:NA

DRIVE POWER : N/A

PLENUM CARTS :N/A

PRESSURIZATION RATE N/A

TEST GAS :Air

PRODUCTIVITY :2 polarfhour
OPERATING COST :$5,000/day

COSTS; REPLACEMENT : $12 M

CUSTOMERS, Civilian : 100%

CUSTOMERS, Military : 0

feet: 12x10

REYNOLDS NUMBER : 1.8M/ft



SUBSONIC WIND TUNNELS

FACILITY : BAe 12x10 ft Filton

CONTD

HIGH PRESS. AIR FOR PROP. : N/A

SUPPLY RATE : NJA
SUPPLY TIME :N/A

SUPPLY TEMPERATURE, C : N/A

PUMP RATE :N/A
MINIMUM PRESSURE, Pa: N/A

SFC STORAGE : N/IA

MAX STORAGE PRESS., Pa : N/A

* FLOW QUALITY :

DYN PRESS DIST, CLOSED TS :

FLOW ANG, CLS'D TS DEG :
FLOW ANG DIST, CLOSED TS ;
TOTAL TEMP DIST,CLS'D DEG :
TURB INTENSITY, CLS'D TS% :
DYN PRESS DIST, OPEN JET :
FLOW ANGULAR, OPEN JET :
FLOW ANG DIST, OPEN JET :
TOTAL TEMP DIST, OPEN JET :
TURB INTENSITY, OPEN JET :

ACOUSTIC NOISE :No

LAMINAR TESTING :N/A
IN-FLOW NOISE LEVEL :

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

1.25KHz:PSD( 1/3 OCT SPL) : NJA
40.0KHZ:PSD (1/3 OCT SPL) : N/A

OUT-of FLOW NOISE LVL, 351t : N/A

1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/23 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : N/A

PSIA : N/A

PSIA :N/A

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : N/A

MAX TEST PRESSURE, atm: NJ/A

OPEN JET, TEST GAS : N/A

JET LENGTH, m :N/A feet :N/A

MAX MEAS RADIUS, m : NJA feet :NJA
DIRECTIVITY ANGLES : N/A

CIRCUIT ACOUSTIC TREAT. : NJIA



SUBSONIC WIND TUNNELS

FACILITY : BAe 15 Ft Hatfield OPERATIONAL :Decommissioned
COUNTRY : UK

ADDRESS : CITY : Glasgow
STATE/PROVINCE : ZIP/POSTAL CODE :

CONTACT :University Glasgow PHONE :

TITLE : FAX :

TEST SEC. DIMENSIONS, m : feet :

TEST SEC. GEOMETRY :

- MACH NUMBER RANGE :

OPERATING TEMPERATURE, C :
F:

OPERATING PRESSURE, atm :
SHELL MATERIAL :
SHELL OPERATING PRESSURE, atm :
COOLING SYSTEM:
THERMAL INSULATION, C :

F:
DRIVE POWER :
PLENUM CARTS :
PRESSURIZATION RATE :
TEST GAS :

PRODUCTMVITY :
OPERATING COST :
COSTS; REPLACEMENT :

CUSTOMERS, Civilian :

CUSTOMERS, Military :

REYNOLDS NUMBER : N/A



SUBSONIC WIND TUNNELS

FACILTY : BAe 15 Ft Hatfield

CONTD

HIGH PRESS. AIR FOR PROP. :
SUPPLY RATE :

SUPPLY TIME :

SUPPLY TEMPERATURE, C :
PUMP RATE :

MINIMUM PRESSURE, Pa :

SFC STORAGE :

MAX STORAGE PRESS,, Pa:

" FLOW QUALITY :

DYN PRESS DIST, CLOSED TS :
FLOWANG, CLS'D TS DEG :
FLOW ANG DIST, CLOSED TS :
TOTAL TEMP DIST,CLS'D DEG :
TURB INTENSITY, CLS'D TS% :
DYN PRESS DIST, OPEN JET :
FLOW ANGULAR, OPEN JET :
FLOW ANG DIST, OPEN JET :
TOTAL TEMP DIST, OPEN JET :
TURB INTENSITY, OPEN JET :

ACOUSTIC NOISE :

LAMINAR TESTING :

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 1/3 OCT SPL) :
40.0KHz:PSD (13 OCT SPL) :

OUT-of FLOW NOISE LVL, 35t :
1.25KHz:PSD(1/3 OCT. SPL) :
40.0KHz:PSD(1/3 OCT. SPL) :

DRIVE FAN PROVISIONS :

PSIA :

PSIA:

OPEN JET TEST SECTION :
ANECHOIC CHAMBER :

MAX TEST PRESSURE, atm:
OPEN JET, TEST GAS :

JETLENGTH, m :
MAX MEAS RADIUS, m :
DIRECTIVITY ANGLES :

CIRCUIT ACOUSTIC TREAT. :

feet:

feet:



SUBSONIC WIND TUNNELS

FACILITY : BAe 2.7x2.1 m Warton
COUNTRY : UK

ADDRESS : Warton Aerodrome
STATE/PROVINCE :Lancashire
CONTACT :N. D. Davey

TITLE : Chief Wind Tunnel Engineer

OPERATIONAL :Active

CITY : Warton Preston

ZIP/POSTAL CODE : PR4 1AX
PHONE : (0772) 633333

FAX:  (0772) 855501

TEST SEC. DIMENSIONS, m : 2.7x2.1

TEST SEC. GEOMETRY : Solid

MACH NUMBER RANGE : 0 to 0.2

OPERATING TEMPERATURE, C: Ambient
F: Ambient

OPERATING PRESSURE, atm :

SHELL MATERIAL : Timber and steel

SHELL OPERATING PRESSURE, atm : N/A

Atmospheric

COOLING SYSTEM : N/A

THERMAL INSULATION, C :N/A
F:NA

DRIVE POWER : 380 kW DC Motor

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTVITY :N/A
OPERATING COST :N/A

COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : NJA

feet: 8.9x6.9

REYNOLDS NUMBER : 1.5M/t



SUBSONIC WIND TUNNELS

FACILITY : BAe 2.7x2.1 m Warton CONTD
HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 1 Kgls '
SUPPLY TIME :NJA
SUPPLY TEMPERATURE, C : NJ/A F:NA
PUMP RATE : 1200 CFM
MINIMUM PRESSURE, Pa : NJA PSIA : NJA
SFC STORAGE : NJA
MAX STORAGE PRESS., Pa: 2.1M PSIA :300
- FLOW QUALITY :
DYN PRESS DIST, CLOSED TS : N/A
FLOWANG,CLSDTSDEG: 043
FLOW ANG DIST, CLOSED TS : NJA
TOTAL TEMP DIST,CLS'D DEG : N/A
TURB INTENSITY, CLS'D TS% :  0.25%
DYNPRESS DIST, OPEN JET:  NIA OPEN JET TEST SECTION : N/A
FLOW ANGULAR, OPEN JET: N/A ANECHOIC CHAMBER - NIA
FLOW ANG DIST, OPEN JET:  NJ/A MAX TEST PRESSURE. atm: NIA
TOTAL TEMP DIST, OPEN JET: NJA OPEN JET, TEST GAS : NIA
TURB INTENSITY, OPENJET:  NIA JET LENGTH, m :NIA feet : NIA
ACOUSTIC NOISE :No MAX MEAS RADIUS, m: NJA ~ feet:N/A
LAMINAR TESTING : NIA DIRECTIVITY ANGLES : N/A
IN-FLOW NOISE LEVEL :

1.25KHZPSD( 173 OCT SPL) : N/A CIRCUIT ACOUSTIC TREAT. : NIA

40.0KHz:PSD (13 OCT SPL): N/A
OUT-of-FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : Five bladed



SUBSONIC WIND TUNNELS

FACILITY : BAe 4.0x2.7 m Warton
COUNTRY : UK

ADDRESS : Warton Aerodrome
STATE/PROVINCE :Lancashire
CONTACT :N. D. Davey

TITLE : Chief Wind Tunnel Engineer

OPERATIONAL :Active

CITY : Warton Preston

ZIP/POSTAL CODE : PR4 1AX
PHONE : (0772) 633333

FAX: (0772) 855501

TEST SEC. DIMENSIONS, m : 4.0x2.7

TEST SEC. GEOMETRY : N/A

- MACH NUMBER RANGE : 0.01 to 0.31

OPERATING TEMPERATURE, C: Ambient
F: Ambient

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : N/A
COOLING SYSTEM: N/A
THERMAL INSULATION, C :N/A
F:NA
DRIVE POWER : 1.3 MW AC Motor
PLENUM CARTS : N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :N/A
OPERATING COST :N/A
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : NJ/A

CUSTOMERS, Military : N/A

feet: 13.1x8.9

REYNOLDS NUMBER : 2M



SUBSONIC WIND TUNNELS

FACILITY : BAe 4.0x2.7 m Warton CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 12 Kgis

SUPPLY TIME : NIA

SUPPLY TEMPERATURE, C : NJA F:NIA

PUMP RATE : N/A

MINIMUM PRESSURE, Pa : NJA PSIA : NIA

SFC STORAGE : NJA

MAX STORAGE PRESS., Pa : 4.2M PSIA :609

FLOW QUALITY : .

DYN PRESS DIST, CLOSED TS : NIA

FLOWANG,CLSDTSDEG: NIA .

FLOW ANG DIST, CLOSED TS : N/A

TOTAL TEMP DIST,CLS'D DEG : N/A

TURB INTENSITY, CLSD TS% : N/A

DYNPRESS DIST, OPENJET:  NiA OPEN JET TEST SECTION : N/A

FLOW ANGULAR, OPEN JET: N/A ANECHOIC CHAMBER - NIA

FLOW ANG DIST, OPENJET: NJA MAX TEST PRESSURE, atm: NiA

TOTAL TEMP DIST, OPEN JET: NIA OPEN JET. TEST GAS - NIA

TURB INTENSITY, OPEN JET:  NIA JET LENGTH, m :NJA feet:N/A
ACOUSTIC NOISE :No MAXMEAS RADIUS, m : NJA ~ feet :NJA
LAMINAR TESTING : NIA DIRECTIVITY ANGLES : NIA

IN-FLOW NOISE LEVEL :

1.25KHZPSD( 13 OCT SPL) : NIA CIRCUIT ACOUSTIC TREAT. : NJA

40.0KHz:PSD (1/3 OCT SPL): N/A
OUT-of-FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : NJA
40.0KHz:PSD(1/3 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : N/A



SUBSONIC WIND TUNNELS

FACILITY : BAe 5.5x5.0 m Warton
COUNTRY : UK

ADDRESS : Warton Aerodrome
STATE/PROVINCE : Lancashire

- CONTACT :N. D. Davey

TITLE : Chief Wind Tunnel Engineer

OPERATIONAL :Active

CITY : Warton Preston

ZIP/POSTAL CODE : PR4 1AX
PHONE: (0772) 633333

FAX: (0772) 855501

TEST SEC. DIMENSIONS, m : 5.5x5.0

TEST SEC. GEOMETRY : Solid
MACH NUMBER RANGE : 0.03."» to 0.065
OPERATING TEMPERATURE, C: Ambient
F: Ambient

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : N/A
SHELL OPERATING PRESSURE, atm : N/A
COOLING SYSTEM : None
THERMAL INSULATION, C :N/A

F:NA
DRIVE POWER : 220 kW

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTMVITY :N/A
OPERATING COST :N/A
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : NJA

CUSTOMERS, Military : N/A

feet: 18.0x16.4

REYNOLDS NUMBER : 0.5M/ft



SUBSONIC WIND TUNNELS

FACILITY : BAe 5.5x5.0 m Warton CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 8 Kg/s

SUPPLY TIME : Continuous

SUPPLY TEMPERATURE, C : NJA F:NIA

PUMP RATE :N/A

MINIMUM PRESSURE, Pa : NJA PSIA : NJA

SFC STORAGE : NJA

MAX STORAGE PRESS., Pa : 4M PSIA : 580

FLOW QUALITY : | .

DYN PRESS DIST, CLOSED TS : N/A

FLOWANG,CLSDTSDEG: N/A

FLOW ANG DIST, CLOSED TS : N/A

TOTAL TEMP DIST,CLS'D DEG: N/A

TURB INTENSITY, CLSD TS% : NIA

DYN PRESS DIST, OPENJET:  0.5% OPEN JET TEST SECTION : NiA

FLOW ANGULAR, OPEN JET: 0.3 ANECHOIC CHAMBER : /A

FLOW ANG DIST, OPEN JET: NJA MAX TEST PRESSURE. atm: N/A

TOTAL TEMP DIST, OPENJET: N/A OPEN JET TEST GAS : NIA

TURB INTENSITY, OPEN JET:  NIA JET LENGTH, m :NJA feet : NJA

ACOUSTIC NOISE :No

LAMINAR TESTING :NIA‘

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 13 OCT SPL) : N/A
40.0KHz:PSD (1/3 OCT SPL) : N/A

OUT-of-FLOW NOISE LVL, 35 ft : N/A
1.25KHZ:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : NJA

MAX MEAS RADIUS, m : NJA feet :N/A
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA



SUBSONIC WIND TUNNELS

FACILITY : BAe 9x7 Ft Hatfield OPERATIONAL :Deactivated
COUNTRY : UK '

ADDRESS : - CITY:

STATE/PROVINCE : ZIP/POSTAL CODE :
CONTACT : PHONE :

TITLE : FAX:

TEST SEC. DIMENSIONS, m: feet:

TEST SEC. GEOMETRY : .
- MACH NUMBER RANGE : REYNOLDS NUMBER : N/A
OPERATING TEMPERATURE, C :
F:

OPERATING PRESSURE, atm :
SHELL MATERIAL :
SHELL OPERATING PRESSURE, atm:
COOLING SYSTEM:
THERMAL INSULATION, C :

F:
DRIVE POWER :

PLENUM CARTS :
PRESSURIZATION RATE :
TESTGAS :

PRODUCTVITY :
OPERATING COST :
COSTS; REPLACEMENT :

CUSTOMERS, Civilian :

CUSTOMERS, Military :



SUBSONIC WIND TUNNELS

FACILITY : BAe 9x7 Ft Hatfield

CONTD

HIGH PRESS. AIR FOR PROP. :
SUPPLY RATE :

SUPPLY TIME :

SUPPLY TEMPERATURE, C :
PUMP RATE :

MINIMUM PRESSURE, Pa :

SFC STORAGE :

MAX STORAGE PRESS., Pa :

" FLOW QUALITY :

DYN PRESS DIST, CLOSED TS
FLOW ANG, CLS'D TS DEG :
FLOW ANG DIST, CLOSED TS :
TOTAL TEMP DIST,CLS'D DEG :
TURB INTENSITY, CLS'D TS% :
DYN PRESS DIST, OPEN JET :
FLOW ANGULAR, OPEN JET :
FLOW ANG DIST, OPEN JET :
TOTAL TEMP DIST, OPEN JET :
TURB INTENSITY, OPEN JET :

ACOUSTIC NOISE :

LAMINAR TESTING :

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 1/3 OCT SPL) :
40.0KHz:PSD (13 OCT SPL) :

OUT-of FLOW NOISE LVL, 35 ft :
1.25KHz:PSD(1/3 OCT. SPL) :
40.0KHz:PSD(1/3 OCT. SPL) :

DRIVE FAN PROVISIONS :

PSIA :

PSIA :

OPEN JET TEST SECTION :
ANECHOIC CHAMBER :

MAX TEST PRESSURE, atm:
OPEN JET, TEST GAS :

JETLENGTH, m: feet :
MAX MEAS RADIUS, m : feet:
DIRECTIVITY ANGLES :

CIRCUIT ACOUSTIC TREAT. :

-2 .



SUBSONIC WIND TUNNELS

— -
FACILITY : DRA 13 x 9 ft Bedford
COUNTRY : UK
ADDRESS : Defense Research Agency
STATE/PROVINCE :

CONTACT :13 x 9 ft Tunnel Manager

TITLE: NA

OPERATIONAL :Active

CITY : Bedford

ZIP/POSTAL CODE : MK41 6AE
PHONE : (0234)225990

FAX : (0234)225848

TEST SEC. DIMENSIONS, m : 4x2.7

TEST SEC. GEOMETRY : Solid
MACH NUMBER RANGE : 0.04 to 0.27

OPERATING TEMPERATURE, c : Ambient
F : Ambient

OPERATING PRESSURE, atm:  Atmospheric

SHELL MATERIAL : Timber and steel
SHELL OPERATING PRESSURE, atm : N/A

COOLING SYSTEM : None
THERMAL INSULATION, C :None
F : None

DRIVE POWER : 1.1 MW

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY : 2 polar/hour
OPERATING COST :N/A
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A

feet: 13x9

REYNOLDS NUMBER : 1.5M/ft



SUBSONIC WIND TUNNELS

FACILITY : DRA 13 x 9 ft Bedford

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 4.5 Kgis

SUPPLY TIME :N/A

SUPPLY TEMPERATURE, C : NJA
PUMP RATE : 4.5 Kgis

MINIMUM PRESSURE, Pa : N/A

SFC STORAGE : 3200

MAX STORAGE PRESS., Pa : 4.5M
FLOW QUALITY : .

DYN PRESS DIST, CLOSED TS : 0.1%
FLOW ANG, CLS'D TS DEG : N/A
FLOW ANG DIST, CLOSED TS : N/A
TOTAL TEMP DIST,CLS'DDEG : N/A
TURB INTENSITY, CLSD TS% : 0.025%
DYN PRESS DIST,OPENJET: NI/A
FLOWANGULAR, OPEN JET: N/A
FLOW ANG DIST, OPENJET: NI/A
TOTAL TEMP DIST, OPEN JET: NI/A
TURB INTENSITY,OPENJET: NI/A

ACOUSTIC NOISE :N/A

LAMINAR TESTING : N/A

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 1/3 OCT SPL) : NJA
40.0KHz:PSD (1/3 OCT SPL) : N/A

OUT-of-FLOW NOISE LVL, 35 ft : NJA
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : NJA

F:NIA

PSIA: N/A

PSIA :132

CONTD
OPEN JET TEST SECTION :N/A
ANECHOIC CHAMBER : NJA
MAX TEST PRESSURE, atm: N/A
OPEN JET, TEST GAS : N/A
JET LENGTH, m :N/A feet :N/A

MAX MEAS RADIUS, m : NIA feet :NJA
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : N/A



SUBSONIC WIND TUNNELS

FACILITY : DRA 5§ m Famborough
COUNTRY : UK

ADDRESS : Aerodynamics & Propulsion Dept.

STATE/PROVINCE : Hants
- CONTACT :Dr. David Woodward
TITLE : Head of Low Speed Aero Division

OPERATIONAL :Active

CITY : DRA Farnborough

ZIP/POSTAL CODE: GU14 6TD
PHONE : 44-252-395377

FAX : 44-252-377783

TEST SEC. DIMENSIONS, m : 5.0 x 4.2

TEST SEC. GEOMETRY : N/A

- MACH NUMBER RANGE : 0 to 0.35

OPERATING TEMPERATURE, C : 0to 40
F: 32to 104

OPERATING PRESSURE,atm: 3 atm
SHELL MATERIAL : N/A
SHELL OPERATING PRESSURE, atm : N/A
COOLING SYSTEM : N/A
THERMAL INSULATION, C :N/A
F:NA
DRIVE POWER : 12 MW
PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTMITY :12 polar/day, 3200polarlyr
OPERATING COST :$980k/month, $3k/polar
COSTS; REPLACEMENT : $90 M

CUSTOMERS, Civilian : 60%

CUSTOMERS, Military : 40%

feet: 16.4x13.8

REYNOLDS NUMBER : 3m/ft



SUBSONIC WIND TUNNELS

FACILITY : DRA 5 m Famborough

HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 32 Kg/s

SUPPLY TIME : 30 minutes

SUPPLY TEMPERATURE, C : NJA F:NA
PUMP RATE : 1 atm/15 min

MINIMUM PRESSURE, Pa : NJA PSIA : N/A
SFC STORAGE : N/A
MAX STORAGE PRESS., Pa : 10M PSIA : 1450

FLOW QUALITY : .
DYN PRESS DIST, CLOSED TS : N/A
FLOW ANG, CLS'D TS DEG : N/A
FLOW ANG DIST, CLOSED TS : NI/A
TOTAL TEMP DIST,CLSD DEG: N/A
TURB INTENSITY, CLSDTS% : 0.08%
DYN PRESS DIST,OPENJET: NIA
FLOWANGULAR, OPENJET: NJA
FLOW ANG DIST, OPEN JET: N/A
TOTAL TEMP DIST, OPEN JET: N/A
TURB INTENSITY, OPENJET: NIA

ACOUSTIC NOISE :132 dB @ M=0.3

LAMINAR TESTING : N/A

IN-FLOW NOISE LEVEL :
1.25KHz.PSD( 1/30CT SPL): N/A
40.0KHz:PSD (13 OCT SPL) : N/A

OUT-of-FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : N/A

CONTD
OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : N/A
MAX TEST PRESSURE, atm: NJA
OPEN JET, TEST GAS : N/A
JET LENGTH, m :NJA feet :N/A
MAX MEAS RADIUS, m : \JA feet :NJA

DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA



SUBSONIC WIND TUNNELS

FACILITY : AMES 12 ft N-206
COUNTRY : USA

ADDRESS : Ames Research Center
STATE/PROVINCE :CA

CONTACT :Dr. Robert Rosen

TITLE : Assistant Director for Program Deve

OPERATIONAL :Active

CITY : Moffett Field
ZIP/POSTAL CODE : 94035-1000

PHONE : (415)604-5333
FAX: N/A

TEST SEC. DIMENSIONS, m: 3.7 feet: 12

TEST SEC. GEOMETRY : Solid
_ MACH NUMBER RANGE : 0 to 0.6

OPERATING TEMPERATURE, C: 211060
F: 70to 140

OPERATING PRESSURE, atm: 6 atm
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : N/A
COOLING SYSTEM : Interval water HEX
THERMAL INSULATION, C :None

F :None

DRIVE POWER : 15K Hp

PLENUM CARTS :N/A
PRESSURIZATION RATE 6 atm/hr
TEST GAS :Air, provisions for heavy

PRODUCTMVITY :2polarfocc hr
OPERATING COST :$2600/hr
COSTS; REPLACEMENT : N/A

CUSTOMERS, Chvilian : NJ/A
CUSTOMERS, Military : NJA

REYNOLDS NUMBER : 12M/t



SUBSONIC WIND TUNNELS

FACILITY : AMES 12 ft N-206 CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 160Ib/sec

SUPPLY TIME : NJA

SUPPLY TEMPERATURE, C : NJA F:NA

PUMP RATE : 22Ib/sec

MINIMUM PRESSURE, Pa : 20M PSIA: 315

SFC STORAGE : 6M at 3000psi

MAX STORAGE PRESS., Pa : 20.5M PSIA : 3000

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : N/A

FLOWANG,CLSDTSDEG:  0.02

FLOW ANG DIST, CLOSED TS : NJA

TOTAL TEMP DIST.CLSD DEG: 4F

TURB INTENSITY, CLSD TS% : 0.05%

DYNPRESS DIST, OPENJET:  NIA OPEN JET TEST SECTION : N/A

FLOW ANGULAR, OPEN JET: N/A ANECHOIC CHAMBER : N/A

FLOW ANG DIST, OPENJET: N/A MAX TEST PRESSURE. atm: NIA

TOTAL TEMP DIST, OPEN JET: N/A OPEN JET, TEST GAS : NIA
TURBINTENSITY, OPENJET:  NIA JET LENGTH, m :NIA feet : NJA
ACOUSTIC NOISE :N/A MAX MEAS RADIUS, m : NJA feet :N/A
LAMINAR TESTING :0.15% cprms DIRECTIVITY ANGLES : N/A

IN-FLOW NOISE LEVEL :

1.25KHzPSD( 1/3 OCT SPL): NJA CIRCUIT ACOUSTIC TREAT. : None

40.0KHz:PSD (1/3 OCT SPL): N/A
OUT-of-FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : NJA
40.0KHz:PSD(1/3 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : Independent RPVAGV



SUBSONIC WIND TUNNELS

FACILITY: AMES 40x80 ft N-221
COUNTRY : USA

ADDRESS : Ames Research Center
STATE/PROVINCE :CA

CONTACT :Dr. Robert Rosen

TITLE : Assistant Director for Program Deve

OPERATIONAL :Active

CITY : Moffett Field

ZIP/POSTAL CODE : 94035-1000
PHONE : (415)604-5333

FAX: N/A

R
TEST SEC. DIMENSIONS, m : 12.2x24.4

TEST SEC. GEOMETRY : N/A
. MACH NUMBER RANGE : 0 to 0.45
OPERATING TEMPERATURE, C: Ambient to 49
F: Ambientto 120

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Steel, acoustic liner
SHELL OPERATING PRESSURE, atm : 1.1 atm
COOLING SYSTEM : 10% air exchange
THERMAL INSULATION, C :None

F : None
DRIVE POWER : 110MW

PLENUM CARTS :None
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTMTY :N/A
OPERATING COST :$6100/hr
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : NJA

CUSTOMERS, Military : N/A

feet: 40x80

REYNOLDS NUMBER : 3M/ft



SUBSONIC WIND TUNNELS

FACILITY : AMES 40x80 ft N-221 CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 40Ib/sec

SUPPLY TIME : not limiting

SUPPLY TEMPERATURE, C : 204 F: 400

PUMP RATE : 28ib/sec

MINIMUM PRESSURE, Pa : 690K PSIA : 100

SFC STORAGE : 7M at 3000psi

MAX STORAGE PRESS., Pa : 22.8M PSIA : 3300

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : 0.5%

FLOW ANG, CLS'D TS DEG : 0.5

FLOW ANG DIST, CLOSED TS : NI/A

TOTAL TEMP DIST,CLSD DEG : 1F

TURB INTENSITY, CLSD TS% :  0.5%

DYNPRESS DIST, OPENJET:  NIA OPEN JET TEST SECTION : NIA
FLOWANGULAR, OPENJET:  NIA ANECHOIC CHAMBER : Yes-to 100hz
FLOWANGDIST, OPENJET:  NIA MAX TEST PRESSURE, atm: Atmospheric
TOTAL TEMP DIST, OPEN JET: NI/A OPEN JET, TEST GAS : Alr

TURB INTENSITY, OPENJET: NI/A JETLENGTH, m :22.8 feet - 75
ACOUSTIC NOISE :Yes MAX MEAS RADIUS, m: 152 feet:50
LAMINAR TESTING : 0.5% flow turbulence DIRECTIVITY ANGLES : ALL

IN-FLOW NOISE LEVEL :

1.25KHzPSD( 173 OCT SPL) : 69dB CIRCUIT ACOUSTIC TREAT. : Some

40.0KHz:PSD (13 OCT SPL) : 30dB
OUT-of FLOW NOISE LWL, 35 ft : N/A

1.25KHz:PSD(1/3 OCT. SPL) : N/IA

40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : Quiet low fan tip speed



SUBSONIC WIND TUNNELS

FACILITY : AMES 7x10 ft N-215
COUNTRY : USA

ADDRESS : Ames Research Center
STATE/PROVINCE :CA

CONTACT :Dr. Robert Rosen

TITLE ; Assistant Director for Program Deve

OPERATIONAL :Active

CITY : Moffett Field

ZIP/POSTAL CODE : 84035-1000
PHONE : (415)604-5333

FAX : N/A

TEST SEC. DIMENSIONS, m : 2.1x3.0

TEST SEC. GEOMETRY : N/A
MACH NUMBER RANGE : NJA

OPERATING TEMPERATURE, C: N/A
F: NA

OPERATING PRESSURE, atm:  Atmospheric

SHELL MATERIAL : N/A

SHELL OPERATING PRESSURE, atm : 1 atm

COOLING SYSTEM : N/A
THERMAL INSULATION, C :None
F : None

DRIVE POWER :

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Alr

PRODUCTIVITY :N/A
OPERATING COST :N/A

COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A

feet: 7x10

REYNOLDS NUMBER : 2.5M/ft



SUBSONIC WIND TUNNELS

FACILITY : AMES 7x10 ft N-215 CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 20 Ib/sec

SUPPLY TIME : N/A

SUPPLY TEMPERATURE, C : 204 F : 400

PUMP RATE : NJA

MINIMUM PRESSURE, Pa : NJA PSIA : NJA

SFC STORAGE : NJA

MAX STORAGE PRESS., Pa : 20.5M PSIA : 3000

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : N/A

FLOWANG,CLSDTSDEG: NA

FLOW ANG DIST, CLOSED TS : N/A

TOTAL TEMP DIST,CLSD DEG : NIA

TURB INTENSITY, CLSD TS%: N/A

DYNPRESS DIST, OPENJET:  NIA OPEN JET TEST SECTION : N/A

FLOW ANGULAR, OPEN JET:  N/A ANECHOIC CHAMBER : NIA

FLOW ANG DIST, OPEN JET: N/A MAX TEST PRESSURE, atm: NIA

TOTAL TEMP DIST, OPEN JET: N/A OPEN JET, TEST GAS : N/A

TURB INTENSITY, OPEN JET:  NIA JET LENGTH, m :NJA feet :NIA
ACOUSTIC NOISE :N/A MAX MEAS RADIUS, m: N(JA ~ feet :N/A
LAMINAR TESTING : N/A DIRECTIVITY ANGLES : /A

IN-FLOW NOISE LEVEL :

1.25KHz:PSD( 1/3 OCT SPL) : NJA CIRCUIT ACOUSTIC TREAT. : NJA

40.0KHz:PSD (173 OCT SPL) : N/A
OUT-of FLOWNOISE LVL, 35ft: N/A
1.25KHZ:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : N/A



SUBSONIC WIND TUNNELS

FACILITY : AMES 7x10 ft N-216
COUNTRY : USA

ADDRESS : Ames Research Center
STATE/PROVINCE :CA

CONTACT :Dr. Robert Rosen

TITLE : Assistant Director for Program Deve

OPERATIONAL :Active

CITY : Moffett Field

ZIP/POSTAL CODE : 94035-1000
PHONE : (415)604-5333

FAX: N/A

TEST SEC. DIMENSIONS, m : 2.1x3.0

TEST SEC. GEOMETRY : N/A
- MACH NUMBER RANGE : 0 to 0.3
OPERATING TEMPERATURE, C : 32
F: 90
OPERATING PRESSURE, atm: Atmospheric
SHELL MATERIAL : Steel, Transite
SHELL OPERATING PRESSURE, atm : 0.9 atm
COOLING SYSTEM : Air exch tower ambient
THERMAL INSULATION, C :None
F : None
DRIVE POWER : 1600Hp

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :N/A
OPERATING COST :$200K/yr
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A
CUSTOMERS, Military : N/A

feet: 7x10

REYNOLDS NUMBER : 2.5M/t



SUBSONIC WIND TUNNELS

FACILITY : AMES 7x10 ft N-216 CONTD
HIGH PRESS. AIR FOR PROP. : N/A

SUPPLY RATE : N/A

SUPPLY TIME : N/A

SUPPLY TEMPERATURE, C : N/A F:NIA

PUMP RATE : NIA

MINIMUM PRESSURE, Pa : N/A PSIA: NJA

SFC STORAGE : NJA

MAX STORAGE PRESS.. Pa : N/A PSIA :N/A

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : 0.1%

FLOW ANG, CLSDTSDEG: 0.2

FLOW ANG DIST, CLOSED TS : N/A

TOTAL TEMP DIST,CLS'D DEG : N/A

TURB INTENSITY, CLSD TS% :  0.01%

DYNPRESS DIST, OPENJET:  NIA OPEN JET TEST SECTION : N/A

FLOW ANGULAR, OPEN JET:  NIA ANECHOIC CHAMBER : N/A

FLOW ANG DIST, OPENJET:  NIA MAX TEST PRESSURE. atm: NIA

TOTAL TEMP DIST, OPEN JET: NIA OPEN JET. TEST GAS : NIA

TURB INTENSITY, OPEN JET:  NIA JET LENGTH, m :NJA feet : NJA
ACOUSTIC NOISE :N/A MAX MEAS RADIUS, m: NJ/A  feet:NIA
LAMINAR TESTING : N/A DIRECTIVITY ANGLES : N/A

IN-FLOW NOISE LEVEL :

1.25KHz:PSD( 1/3 OCT SPL) : NJA CIRCUIT ACOUSTIC TREAT. : None

40.0KHz:PSD (13 OCT SPL): N/A
OUT-of FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : NJIA
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : 8 blade, 30’ dia



SUBSONIC WIND TUNNELS

———————————————————————— - e ———————————————————
FACILITY : AMES 80x120 ft N-221B OPERATIONAL :Active
COUNTRY : USA
ADDRESS : Ames Research Center CITY : Moffett Field
STATE/PROVINCE : CA ZIP/POSTAL CODE : 84035-1000
CONTACT :Dr. Robert Rosen PHONE : (415)604-5333
TITLE : Assistant Director for Program Deve FAX : NA
TEST SEC. DIMENSIONS, m : 24.4x36.6 feet: 80x120
TEST SEC. GEOMETRY : N/A

- MACH NUMBER RANGE : 0 to 0.15 REYNOLDS NUMBER : 1M/ft
OPERATING TEMPERATURE, C : Ambient to 52
F: Ambientto 125
OPERATING PRESSURE, atm: Atmospheric

SHELL MATERIAL : Steel, acoustic liner
SHELL OPERATING PRESSURE, atm : 1 atm
COOLING SYSTEM: None
THERMAL INSULATION, C :None

F : None

DRIVE POWER : 110MW

PLENUM CARTS :None
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :N/A
OPERATING COST :N/A
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A



SUBSONIC WIND TUNNELS

FACILITY : AMES 80x120 ft N-221B CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 40lb/sec

SUPPLY TIME : not limiting

SUPPLY TEMPERATURE, C : 204 F : 400

PUMP RATE : 28lb/sec

MINIMUM PRESSURE, Pa : 690K PSIA : 100

SFC STORAGE : 7M at 3000psi

MAX STORAGE PRESS., Pa: 22.8 PSIA :3300

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : 0.5%

FLOWANG,CLSDTSDEG: 0.5

FLOW ANG DIST, CLOSED TS : NI/A

TOTAL TEMP DIST.CLSDDEG: 1F

TURB INTENSITY, CLSD TS% : 0.5%

DYN PRESS DIST, OPEN JET:  NiA OPEN JET TEST SECTION : N/A
FLOWANGULAR, OPENJET:  NIA ANECHOIC CHAMBER : Yes-to 400hz
FLOWANGDIST, OPENJET:  NIA MAX TEST PRESSURE, atm: Atmospheric
TOTAL TEMP DIST, OPEN JET: NI/A OPEN JET. TEST GAS : Alr

TURB INTENSITY, OPEN JET:  NIA JETLENGTH, m :45.7 feet:150
ACOUSTIC NOISE :Yes MAX MEAS RADIUS, m: 305  feet:100
LAMINAR TESTING : NIA DIRECTIVITY ANGLES :ALL

IN-FLOW NOISE LEVEL :

1.25KHz:PSD( 1/3 OCT SPL) : 93dB CIRCUIT ACOUSTIC TREAT. : None

40.0KHz:PSD (13 OCT SPL) : N/A
OUT-of FLOW NOISE LVL, 351t : N/A
1.25KHZz:PSD(1/3 OCT. SPL) : NJA
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : Quiet low fan tip speed



SUBSONIC WIND TUNNELS

FACILITY : BOEING 9x9 ft
COUNTRY : USA

ADDRESS : P.O. Box 3707, MS 6R-MT
STATE/PROVINCE : WA

CONTACT :Richard A. Day

TITLE : Director Engineering Laboratories

OPERATIONAL :Active

CITY : Seattie

ZIP/POSTAL CODE : 98124-2207
PHONE: N/A

FAX: N/A

TEST SEC. DIMENSIONS, m : 2.7x2.7

TEST SEC. GEOMETRY : Solid

MACH NUMBER RANGE : 0t0 0.3

OPERATING TEMPERATURE, C : Ambient
F: Ambient

OPERATING PRESSURE, atm: 1 atm
SHELL MATERIAL : Wood/steel
SHELL OPERATING PRESSURE, atm : N/A

COOLING SYSTEM : NVA

THERMAL INSULATION, C :N/A
F:NA

DRIVE POWER : N/A

PLENUM CARTS :N/A

PRESSURIZATION RATE N/A

TEST GAS :Air

PRODUCTIVITY :4polar/hr
OPERATING COST :N/A

COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A

feet: 9x9

REYNOLDS NUMBER : N/A



SUBSONIC WIND TUNNELS

FACILITY : BOEING 9x9 ft

'HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 35/1b sec
SUPPLY TIME :N/A

SUPPLY TEMPERATURE, C : 316 F: 600
PUMP RATE : 28lb/sec
MINIMUM PRESSURE, Pa : N/A PSIA : N/A

SFC STORAGE : 1M

MAX STORAGE PRESS., Pa: 7TM PSIA : 1000
FLOW QUALITY : _

DYN PRESS DIST, CLOSED TS: N/A
FLOW ANG, CLS'D TS DEG : N/A
FLOW ANG DIST, CLOSED TS: N/A
TOTAL TEMP DIST,CLSD DEG : N/A
TURB INTENSITY, CLS'DTS% : N/A
DYN PRESS DIST, OPENJET: N/A
FLOW ANGULAR,OPENJET: N/A
FLOWANGDIST,OPENJET: N/A
TOTAL TEMP DIST, OPENJET: NI/A
TURB INTENSITY, OPENJET: NI/A

ACOUSTIC NOISE :N/A

LAMINAR TESTING : N/A

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 13 OCT SPL): NIA
40.0KHz:PSD (13 OCT SPL): N/A

OUT-of FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : NJIA
40.0KHZ:PSD(1/3 OCT. SPL) : N/IA

DRIVE FAN PROVISIONS : N/A

CONTD
OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : NJA
MAX TEST PRESSURE, atm: N/A
OPEN JET, TEST GAS : N/A
JETLENGTH, m :NJA feet :N/A

MAX MEAS RADIUS, m : NJA feet :NJA
DIRECTIVITY ANGLES : NJA

CIRCUIT ACOUSTIC TREAT. : NJA



SUBSONIC WIND TUNNELS

FACILITY : BOEING AERO/ICING
COUNTRY : USA

ADDRESS : P.O. Box 3707, MS 6R-MT
STATE/PROVINCE : WA

CONTACT :Richard A. Day

TITLE ; Director Engineering Laboratories

OPERATIONAL :Active

CITY : Seattle

ZIP/POSTAL CODE : 98124-2207
PHONE: N/A

FAX : N/A

TEST SEC. DIMENSIONS, m : 1.2x1.8

TEST SEC. GEOMETRY : Solid

MACH NUMBER RANGE : 0 to 0.38

OPERATING TEMPERATURE, C : -40to 43
F: 40to 110

OPERATING PRESSURE, atm: 1 atm
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : 1.2 atm
COOLING SYSTEM : Refrigerant F22
THERMAL INSULATION, C :R32

F:R32
DRIVE POWER : 2000 Hp

PLENUM CARTS : N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIMMITY :1polar/occ hr
OPERATING COST :N/A
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A

feet: 4x6

REYNOLDS NUMBER : N/A



SUBSONIC WIND TUNNELS

FACILTY : BOEING AERO/ICING

CONTD

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 10lb/sec

SUPPLY TIME : N/A

SUPPLY TEMPERATURE, C : 649
PUMP RATE : 23Ib/sec

MINIMUM PRESSURE, Pa : N/A

SFC STORAGE : NJA

MAX STORAGE PRESS., Pa: 7TM
FLOW QUALITY : .

DYN PRESS DIST, CLOSED TS : 1%
FLOW ANG, CLS'D TS DEG : <0.2
FLOW ANG DIST, CLOSED TS : 0.5
TOTAL TEMP DIST,CLSDDEG: 1F
TURB INTENSITY, CLSD TS% :  0.5%
DYN PRESS DIST, OPEN JET: N/A
FLOW ANGULAR, OPEN JET: N/A
FLOWANGDIST, OPENJET: NJ/A
TOTAL TEMP DIST, OPEN JET: NIA
TURB INTENSITY, OPENJET: NI/A

ACOUSTIC NOISE :N/A

LAMINAR TESTING : N/A

IN-FFLOW NOISE LEVEL :
1.25KHz:PSD(1/3OCT SPL): NJA
40.0KHz:PSD (1/3 OCT SPL): N/A

OUT-of-FLOW NOISE LWL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : N/A

F:1200

PSIA : N/A

PSIA : 1000

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : NJA
MAX TEST PRESSURE, atm: N/A
OPEN JET, TEST GAS : N/A

JET LENGTH, m :N/A

MAX MEAS RADIUS, m : NJA
DIRECTIVITY ANGLES :N/A

feet :N/A
feet :NJA

CIRCUIT ACOUSTIC TREAT. : Entire tunnel

DRIVE FAN PROVISIONS : Low noise fan, variable incidence



SUBSONIC WIND TUNNELS

FACILITY : Grumman 7x10 ft OPERATIONAL :Active

COUNTRY : USA

ADDRESS : N/A CITY: NA
STATE/PROVINCE :N/A ZIP/POSTAL CODE :
CONTACT :N/A PHONE: NA
TITLE:NA FAX: N/A
TEST SEC. DIMENSIONS, m : 2.1x3 feet: 7x10

TEST SEC. GEOMETRY : Solid

MACH NUMBER RANGE : 0 to 0.3 REYNOLDS NUMBER : 1.5M/ft
OPERATING TEMPERATURE, C : “18to 49
F: 0to120

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : 1 atm
COOLING SYSTEM : Water
THERMAL INSULATION, C :None

F :None

DRIVE POWER : 1750 Hp

PLENUM CARTS :None
PRESSURIZATION RATE N/A
TEST GAS :Alr

PRODUCTIMITY :10 polars/occ hour
OPERATING COST :35/polar
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A



SUBSONIC WIND TUNNELS

FACILITY : Grumman 7x10 ft CONTD
HIGH PRESS. AIR FOR PROFP. : Yes

SUPPLY RATE : 10 Ib/sec

SUPPLY TIME : 20 min

SUPPLY TEMPERATURE, C : 21 to 371 F: 70 t0 700

PUMP RATE : 0.75 Ib/sec

MINIMUM PRESSURE, Pa : NIA PSIA : NIA

SFC STORAGE : 1800

MAX STORAGE PRESS., Pa : 34M PSIA :500

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : 0.5%

FLOWANG,CLSDTSDEG: 0

FLOW ANG DIST, CLOSED TS : 0.1

TOTAL TEMP DIST,CLSD DEG: 1.0F

TURB INTENSITY, CLSD TS%: 1.5

DYNPRESS DIST, OPEN JET:  NIA OPEN JET TEST SECTION : N/A

FLOW ANGULAR, OPEN JET:  NIA ANECHOIC CHAMEER : NiA

FLOW ANG DIST, OPEN JET:  NJA MAX TEST PRESSURE, atm: NIA

TOTAL TEMP DIST, OPEN JET: N/A OPEN JET. TEST GAS : NIA

TURB INTENSITY, OPEN JET:  NIA JET LENGTH. m :NIA (oot - NIA
ACOUSTIC NOISE :No MAXMEAS RADIUS, m: NiA  feet:NIA
LAMINAR TESTING : NIA DIRECTIVITY ANGLES : NIA

IN-FLOW NOISE LEVEL :

1.25KHzPSD( 1/3 OCT SPL): N/A CIRCUIT ACOUSTIC TREAT. : NIA

40.0KHz.PSD (13 OCT SPL): N/A
OUT-of-FLOW NOISE LVL, 35 ft : N/A
1.25KHZz:PSD(1/3 OCT. SPL) : N/A
40.0KHz.PSD(13 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : N/A



SUBSONIC WIND TUNNELS

FACILITY: LANGELY 14x22 ft
COUNTRY : USA

OPERATIONAL :Active

ADDRESS : Langley Research Center Applied Aero Division CITY : Hampton

STATE/PROVINCE : VA
CONTACT :N/A

TITLE : N/A

ZIP/POSTAL CODE : 23665-5225
PHONE: N/A
FAX: N/A

TEST SEC. DIMENSIONS, m : 4.4x6.6

TEST SEC. GEOMETRY : N/A
MACH NUMBER RANGE : 0 to 0.28

OPERATING TEMPERATURE,C: -1to 71
F: 30to 160

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Carbon steel
SHELL OPERATING PRESSURE, atm : 1 atm
COOLING SYSTEM : Air exchange
THERMAL INSULATION, C :None

F : None

DRIVE POWER : 8000 Hp

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :N/A
OPERATING COST :$2.4M/yr

COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : NJA

CUSTOMERS, Military : N/A

feet: 14.5x21.8

REYNOLDS NUMBER : 2.1M/ft



SUBSONIC WIND TUNNELS

FACIUTY : LANGELY 14x22 ft

CONTD

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 30Ib/sec

SUPPLY TIME :N/A

SUPPLY TEMPERATURE, C : 4 to 93
PUMP RATE :N/A

MINIMUM PRESSURE, Pa : N/A

SFC STORAGE : NJA

MAX STORAGE PRESS., Pa: N/A
FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : NI/A
FLOW ANG, CLS'D TS DEG : 0.15
FLOW ANG DIST, CLOSED TS: N/A
TOTAL TEMP DIST,CLS'D DEG: NI/A
TURB INTENSITY, CLSDTS% : 0.15%
DYN PRESS DIST,OPENJET: NA
FLOW ANGULAR, OPENJET: NI/A
FLOWANGDIST,OPENJET: N/A
TOTAL TEMP DIST, OPEN JET: N/A
TURB INTENSITY, OPEN JET: N/A

ACOUSTIC NOISE :N/A

LAMINAR TESTING :N/A

IN-FFLOW NOISE LEVEL :
1.25KHz:PSD( 1/3 OCT SPL) : N/A
40.0KHz:PSD (13 OCT SPL) : N/A

OUT-of FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : N/A

F . 40 to 200

PSIA : N/A

PSIA :N/A

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : N/A

MAX TEST PRESSURE, atm: N/A
OPEN JET, TEST GAS : N/A

JET LENGTH, m :N/A

MAX MEAS RADIUS, m : NJA
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA

feet :N/A

feet :NJA



SUBSONIC WIND TUNNELS

FACILITY : Lockheed 8x12 ft.

COUNTRY : USA

ADDRESS : Low Speed Wind Tower, 3050 Pacific Hwy
STATE/PROVINCE :CA

CONTACT :R. S. Crooks

TITLE : Chief, Low Speed Wind Tunnel

OPERATIONAL :Active

CITY : San Diego

ZIP/POSTAL CODE : 92101
PHONE : (619)542-8158

FAX: (619)542-7237

TEST SEC. DIMENSIONS, m : 2.4 x 3.7 feet: 8x12

TEST SEC. GEOMETRY : N/A
MACH NUMBER RANGE : 0.04 to 0.37
OPERATING TEMPERATURE, C: Ambient
F: Ambient

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Reinforced Concrete
SHELL OPERATING PRESSURE, atm : 1.1 atm
COOLING SYSTEM : None
THERMAL INSULATION, C :None

F : None

DRIVE POWER : 2250 Hp Sync Motor

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY : & polar/hour
OPERATING COST :$200/polar, $1200/occ hour
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : 20%

CUSTOMERS, Military : 80%

REYNOLDS NUMBER : 2.5M/ft



SUBSONIC WIND TUNNELS

FACIUTY : Lockheed 8x12 ft.

CONTD

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 12 Ib/sec

SUPPLY TIME :N/A

SUPPLY TEMPERATURE, C : Ambient
PUMP RATE : 3 Ibisec

MINIMUM PRESSURE, Pa : 690K

SFC STORAGE : 3500

MAX STORAGE PRESS,, Pa: 4.1M
FLOW QUALITY :

DYN PRESS DIST, CLOSED TS.: | NIA
FLOW ANG, CLS'D TS DEG : 0.2
FLOWANG DIST, CLOSED TS : N/A
TOTAL TEMP DIST,CLS'D DEG: N/A
TURB INTENSITY, CLS'D TS% : 0.08%
DYN PRESS DIST,OPENJET: N/A
FLOW ANGULAR, OPENJET: N/A
FLOWANG DIST,OPENJET: NI/A
TOTAL TEMP DIST, OPEN JET: N/A
TURB INTENSITY, OPENJET: N/A

ACOUSTIC NOISE :No

LAMINAR TESTING : N/A

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 13 OCT SPL) : NJA
40.0KHz:PSD (13 OCT SPL): N/A

OUT-of-FLOW NOISE LVL, 35 ft: N/A
1.25KHz:PSD(1/3 OCT. SPL) : NJA
40.0KHz:PSD(1/3 OCT. SPL) : NJ/A

DRIVE FAN PROVISIONS : NJA

F : Ambient

PSIA: 100

PSIA ;600

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : NJA
MAX TEST PRESSURE, atm: N/A
OPEN JET, TEST GAS : N/A

JET LENGTH, m :NJA

MAX MEAS RADIUS, m : N/A
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA

feet :NJA

feet :NVA



SUBSONIC WIND TUNNELS

FACILITY : MDA-E 8.5x12 ft OPERATIONAL :Active

COUNTRY : USA

ADDRESS : NA CITY : St Louis
STATE/PROVINCE :MO ZIP/POSTAL CODE: N/A
CONTACT :N/A PHONE: N/A

TITLE: N/A FAX : NA

TEST SEC. DIMENSIONS, m : 2.6x3.7 feet: 8.5x12.0

TEST SEC. GEOMETRY : Solid
MACH NUMBER RANGE : 0 to 0.26 REYNOLDS NUMBER : 2M
OPERATING TEMPERATURE, C : Ambient

F: Ambient

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : 1 atm
COOLING SYSTEM : Water
THERMAL INSULATION, C :None

F : None

DRIVE POWER : N/A

PLENUM CARTS :None
PRESSURIZATION RATE N/A
TEST GAS :N/A

PRODUCTIVITY :5 Polarfocc hour
OPERATING COST :$118/polar
COSTS; REPLACEMENT : $25 M

CUSTOMERS, Civilian : 12

CUSTOMERS, Military : 88



SUBSONIC WIND TUNNELS

FACIUTY : MDA-E 8.5x12 ft

CONTD

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 20 lb/sec

SUPPLY TIME : Continuous

SUPPLY TEMPERATURE, C : -18 to 454
PUMP RATE : 20 Ib/sec

MINIMUM PRESSURE, Pa : N/A

SFC STORAGE : N/A

MAX STORAGE PRESS., Pa : 4.3M

" FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : 0.25%
FLOW ANG, CLS'D TS DEG : 0.05.
FLOW ANG DIST, CLOSED TS : N/A
TOTAL TEMP DIST.,CLS'D DEG: N/A
TURB INTENSITY,CLS'DTS%: 1.13
DYN PRESS DIST, OPENJET: 1.1%
FLOW ANGULAR, OPENJET: 0.05
FLOWANG DIST,OPENJET: NI/A
TOTAL TEMP DIST, OPENJET: NI/A
TURB INTENSITY, OPENJET: 1.13

ACOUSTIC NOISE :Yes

LAMINAR TESTING : 100 dB at 675 Hz

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 13 OCT SPL): 89 dB
40.0KHz:PSD (1/3 OCT SPL) : NIA

OUT-of-FLOW NOISE LVL, 35 ft : AVA

1.25KHz:PSD(1/3 OCT. SPL) : 63.2dB

40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : None

F: 0to 850

PSIA : NJA

PSIA :629

OPEN JET TEST SECTION : Yes

ANECHOIC CHAMBER : NJA

MAX TEST PRESSURE, atm: Atmospheric

OPEN JET, TEST GAS : Alr
JET LENGTH, m :8.1

MAX MEAS RADIUS, m : 8.1
DIRECTIVITY ANGLES :N/A

feet : 20

feet:20

CIRCUIT ACOUSTIC TREAT. : None



SUBSONIC WIND TUNNELS

FACILITY : MIT 7.5x10 ft ELLIPSE
COUNTRY : USA

ADDRESS : Room 33-215
STATE/PROVINCE :MA

CONTACT :Eugene E. Covert

TITLE : T. Wilson Professor of Aeronautics

OPERATIONAL :Active

CITY : Cambridge

ZIP/POSTAL CODE : 02135
PHONE : (617)253-2604

FAX: (617)253-0051

TEST SEC. DIMENSIONS, m : 2.3x3

TEST SEC. GEOMETRY : Solid

MACH NUMBER RANGE : 0 to 0.37

OPERATING TEMPERATURE, C : -18 to 49
F: Oto120

OPERATING PRESSURE, atm: 2atm
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : 4 atm
COOLING SYSTEM: N/A
THERMAL INSULATION, C :None

F : None

DRIVE POWER : 1000 Hp

PLENUM CARTS :None
PRESSURIZATION RATE 2atm/40 min
TEST GAS :Air

PRODUCTMTY :4polar/hr
OPERATING COST :$375/hr direct cost

COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A

feet: 7.5x10

REYNOLDS NUMBER : N/A



SUBSONIC WIND TUNNELS

FACILITY : MIT 7.5x10 ft ELLIPSE

CONTD

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 4.8Ib/sec

SUPPLY TIME : Continuous

SUPPLY TEMPERATURE, C : NJA
PUMP RATE : N/A

MINIMUM PRESSURE, Pa : N/A

SFC STORAGE : NJA

MAX STORAGE PRESS., Pa: N/A

FLOW QUALITY :
DYN PRESS DIST, CLOSED TS : 0.75%
FLOW ANG, CLS'D TS DEG : ~1

FLOW ANG DIST, CLOSED TS : N/A
TOTAL TEMP DIST.CLSDDEG: 1F
TURB INTENSITY, CLSD TS% : 0.75%
DYN PRESS DIST, OPENJET: NI/A
FLOW ANGULAR, OPENJET: NI/A
FLOWANGDIST, OPENJET: NA
TOTAL TEMP DIST, OPEN JET : NJ/A
TURB INTENSITY, OPENJET: NI/A

ACOUSTIC NOISE :N\A

LAMINAR TESTING :N/A

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 13 OCT SPL) : N/A
40.0KHz:PSD (13 OCT SPL): N/A

OUT-of FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : N/A
40.0KHz:PSD(1/3 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : N/A

F:NA

PSIA: NJIA

PSIA :N/A

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : NJA

MAX TEST PRESSURE, atm: NJA
OPEN JET, TEST GAS : N/A

JET LENGTH, m :N/A

MAX MEAS RADIUS, m : NJA
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA

feet : N/A
feet :NJA



SUBSONIC WIND TUNNELS

FACILITY : Northrop 7x10 ft.
COUNTRY : USA

ADDRESS : N/A
STATE/PROVINCE :CA
CONTACT :B. M. WALKER
TITLE : N/A

OPERATIONAL :Active

CITY : Hawthome
ZIP/POSTAL CODE : 90250-3277

PHONE : 310-332-3929

FAX : N/A

TEST SEC. DIMENSIONS, m : 2.1 x 3.0 feet: 7x10

TEST SEC. GEOMETRY : Solid

- MACH NUMBER RANGE : 0 to 0.37

OPERATING TEMPERATURE, C : 16 to 38
F: 60to 100

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Steel

SHELL OPERATING PRESSURE, atm : 1 atm
COOLING SYSTEM : Water

THERMAL INSULATION, C :None

F : None

DRIVE POWER : 4000 Hp electric

PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY : 4 polariocc hour
OPERATING COST :N/A
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/JA

REYNOLDS NUMBER : 2M/#t



SUBSONIC WIND TUNNELS

FACILITY : Northrop 7x10 ft.

CONTD

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 10 Ibisec

SUPPLY TIME : 20 min

SUPPLY TEMPERATURE, C : -18 to 38
PUMP RATE : 2 Ibisec

MINIMUM PRESSURE, Pa: 6.9 M

SFC STORAGE : 2000

MAX STORAGE PRESS., Pa : 22M

- FLOW QUALITY :

DYN PRESS DIST, CLOSED TS.: 0.5

FLOW ANG, CLS'D TS DEG : 0.1

FLOW ANG DIST,CLOSED TS : 0.01
TOTAL TEMP DIST,CLSD DEG: N/A
TURB INTENSITY,CLS'DTS% : NI/A
DYNPRESS DIST,OPENJET: NIA
FLOWANGULAR, OPEN JET: N/A
FLOWANGDIST, OPENJET: NA
TOTAL TEMP DIST, OPEN JET: N/A
TURB INTENSITY, OPENJET: N/A

ACOUSTIC NOISE :No

LAMINAR TESTING :N/A

IN-FLOW NOISE LEVEL :
1.25KHz:PSD( 1/3 OCT SPL) : NJA
40.0KHz:PSD (1/3 OCT SPL): N/A

OUT-of FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : NJA
40.0KHz:PSD(13 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : N/A

F:0to 100

PSIA : 1000

PSIA : 3200

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : NJ/A
MAX TEST PRESSURE, atm: NJA
OPEN JET, TEST GAS : N/A

JET LENGTH, m :N/A

MAX MEAS RADIUS, m : NJA
DIRECTIVITY ANGLES : N/A

CIRCUIT ACOUSTIC TREAT. : NJA

feet : N/A
feet :N/A



SUBSONIC WIND TUNNELS

FACLITY: UTRC 18 ft OCT
COUNTRY : USA

ADDRESS :

STATE/PROVINCE :CT
CONTACT :Anthony Fasano
TITLE : Manager, Test Facilities

OPERATIONAL :Active

CITY : E. Hartford

ZIP/POSTAL CODE : 06108
PHONE : 203-727-7275

FAX : N/A

TEST SEC. DIMENSIONS, m : 5.5

TEST SEC. GEOMETRY : Solid

- MACH NUMBER RANGE : 0 to 0.9

OPERATING TEMPERATURE, C: Ambient to 49
F: Ambientto 120

OPERATING PRESSURE, atm:  Atmospheric
SHELL MATERIAL : Concrete
SHELL OPERATING PRESSURE, atm : 1 atm
COOLING SYSTEM : Air exchange
THERMAL INSULATION, C :N/A
F:N/A
DRIVE POWER : 9000 Hp
PLENUM CARTS : N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :N/A
OPERATING COST :$1500/occ hr
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : N/A

CUSTOMERS, Military : N/A

feet: 18

REYNOLDS NUMBER : 6M/ft

——



SUBSONIC WIND TUNNELS

FACILITY : UTRC 18 ft OCT CONTD
HIGH PRESS. AIR FOR PROP. : Yes

SUPPLY RATE : 20Ib/sec

SUPPLY TIME : Continuous

SUPPLY TEMPERATURE, C : 203 F : 400

PUMP RATE : 20/Ib sec

MINIMUM PRESSURE, Pa : NJA PSIA : NIA

SFC STORAGE : 15000

MAX STORAGE PRESS., Pa : 2.8M PSIA :400

FLOW QUALITY :

DYN PRESS DIST, CLOSED TS : <1%

FLOWANG,CLSDTSDEG: <1

FLOW ANG DIST, CLOSED TS : <1%

TOTAL TEMP DIST,CLS'D DEG: <1F

TURB INTENSITY, CLSD TS% : <1%

DYN PRESS DIST, OPENJET: N/A OPEN JET TEST SECTION < NIA

FLOW ANGULAR, OPEN JET: NJA ANECHOIC CHAMBER : NJA

FLOW ANG DIST,OPEN JET: N/A MAX TEST PRESSURE. atm: /A

TOTAL TEMP DIST, OPEN JET: N/A OPEN JET, TESTGAS - NIA
TURBINTENSITY, OPEN JET:  N/A JET LENGTH, m : N/A feet : NJA
ACOUSTIC NOISE :N/A MAXMEAS RADIUS, m: N/A  feet:N/A
LAMINAR TESTING : /A DIRECTIVITY ANGLES : NJA

IN-FLOW NOISE LEVEL :

1.25KHz:PSD( 1/3 OCT SPL) : 138 dB CIRCUIT ACOUSTIC TREAT. : N/A

40.0KHz:PSD (1/3 OCT SPL): N/A
OUT-of FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : NJIA
40.0KHZ:PSD(1/3 OCT. SPL) : NJA

DRIVE FAN PROVISIONS : N/A



SUBSONIC WIND TUNNELS

FACILITY : Vought 7x10 ft

OPERATIONAL :Active

COUNTRY : USA
ADDRESS : N/A CITY : Dallas
STATE/PROVINCE : TX ZIP/POSTAL CODE: N/A
CONTACT :N/A PHONE: N/A

TITLE : N/A FAX : N/A

TEST SEC. DIMENSIONS, m : 2.1x3.0 feet: 7x10

TEST SEC. GEOMETRY : Solid
MACH NUMBER RANGE : 0.035 to 0.29
OPERATING TEMPERATURE, C . 41066

F: 40to 150
OPERATING PRESSURE, atm: Atmospheric
SHELL MATERIAL : Steel
SHELL OPERATING PRESSURE, atm : N/A

COOLING SYSTEM : None
THERMAL INSULATION, C :N/A

F:N/A
DRIVE POWER : 1500 Hp electric motor
PLENUM CARTS :N/A
PRESSURIZATION RATE N/A
TEST GAS :Air

PRODUCTIVITY :3 polar/occ hour
OPERATING COST :$200/polar
COSTS; REPLACEMENT : N/A

CUSTOMERS, Civilian : 20

CUSTOMERS, Military : 80

REYNOLDS NUMBER : 2M/ft



SUBSONIC WIND TUNNELS

FACIUTY : Vought 7x10 ft

CONTD

HIGH PRESS. AIR FOR PROP. : Yes
SUPPLY RATE : 18 Ib/sec

SUPPLY TIME : N/A

SUPPLY TEMPERATURE, C : NJA
PUMP RATE : NJA

MINIMUM PRESSURE, Pa: 34 M

SFC STORAGE : NIA

MAX STORAGE PRESS., Pa: N/A
FLOW QUALITY :

DYN PRESS DIST, CLOSED TS.: .0.75%

FLOW ANG, CLS'D TS DEG : 025

FLOW ANG DIST, CLOSED TS : NI/A
TOTAL TEMP DIST,CLS'D DEG: N/A
TURBINTENSITY,CLS'DTS% : 1.02
DYN PRESS DIST, OPENJET: NI/A
FLOW ANGULAR, OPEN JET: NI/A
FLOWANG DIST,OPENJET: NI/A
TOTAL TEMP DIST,OPEN JET: N/A
TURB INTENSITY, OPENJET: N/A

ACOUSTIC NOISE :N/A

LAMINAR TESTING :N/A

IN-FLOW NOISE LEVEL :
1.25KHz.PSD( 13 OCT SPL): NJA
40.0KHz:PSD (1/3 OCT SPL): N/A

OUT-of-FLOW NOISE LVL, 35 ft : N/A
1.25KHz:PSD(1/3 OCT. SPL) : NIA
40.0KHz:PSD(1/3 OCT. SPL) : N/A

DRIVE FAN PROVISIONS : N/A

F:NA

PSIA : 500

PSIA :N/A

OPEN JET TEST SECTION : N/A
ANECHOIC CHAMBER : N/A
MAX TEST PRESSURE, atm: NJA
OPEN JET, TEST GAS : N/A

JET LENGTH, m :NJA

MAX MEAS RADIUS, m : NJA
DIRECTIVITY ANGLES :N/A

CIRCUIT ACOUSTIC TREAT. : NJA

feet :N/A

feet :N/A



TRANSONIC WIND TUNNELS

FACILITY : Onera S2MA

COUNTRY : France

ADDRESS : Onera Centre de Modane-Aurieux-BP25 CITY : 73500 Modane
STATE/PROV. : France ZIPPOSTAL CODE :
CONTACT :M. Bazin ' PHONE : (1)46-73-40-40
TITLE : Deputy Director, Large Testing Department FAX: (1)46-73-41-44
TEST SECTION SIZE, m : 1.77x1.75 feet: 5.8x5.7

TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : Solid or perforated
MACH NUMBER RANGE : 0.15t0 1.3 FLOW QUALITY-TURBULENCE :0.1%
FLOW QUALITY-NOISE @ M=.8 : N/A

FLOW QLTY-ANGLE, deg : N/A
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : 30 to 40 FLOW QUALITY-MACH DISTRIB :0.001

REYNOLDS No. (FULL SPAN) : oM/t
(SEMI SPAN) : 12M

F: 86to 104
MODEL SPAN/TUNNEL WIDTH :0.7
OPERATING PRESSURE, atm : 0.2to 2.5
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 2.5 PRODUCTIVITY : 6 to 14 polarfocc hour

INTERNALS MATERIAL : Al and steel COST/POLAR: N/A
OSMCOST: N/A

REPLACEMENT VALUE: N/A

COOLING SYSTEM : Water
THERMAL INSULATION :NJA
PLENUM CARTS : N/A

TEST SECTION CARTS : N/A
TEST GAS : Alr

DRIVE POWER : 55 MW CUSTOMERS: CIVILIAN:  10%
PRESSURIZATION RATE : 0.2 atmiymin CUSTOMERS: MILTARY : 80%



TRANSONIC WIND TUNNELS

FACILITY : European Transonic Windtunnel GmbH

COUNTRY : Germany

ADDRESS : Post box 906116 CITY ;. D-51127 Koln

STATE/PROV. : Germany ZIP/POSTAL CODE :

CONTACT :T. B. Saunders PHONE : 02203-60901

TITLE: Managing Director FAX: 02203-609124

TEST SECTION SIZE, m : 2.0x2.4 feet: 6.6x7.9
TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : Slotted
MACH NUMBER RANGE : 0.15t0 1.3 FLOW QUALITY-TURBULENCE :0.05%
FLOW QUALITY-NOISE @ M=8 : 0.004 Cp

FLOW QLTY-ANGLE, deg : 0.1
FLOW QUALITY-S.A.GRADIENT : 0.02 degree/meter

REYNOLDS No. (FULL SPAN) : 70M/ft
(SEMI SPAN) : 83M

OPERATING TEMP, C : -183 to 40 FLOW QUALITY-MACH DISTRIB :0.001
F: -297 to 104
MODEL SPAN/TUNNEL WIDTH :0.65

OPERATING PRESSURE, atm : 1.23t0 44

SHELL MATERIAL : Stainless steel

SHELL DESIGN PRESS, atm : 5.1 PRODUCTIVITY : 5000 polariyear, 3 runs/shift
COST/POLAR: NJA

O&M COST: NIA

REPLACEMENT VALUE: N/A

INTERNALS MATERIAL : Stainless Steel
COOLING SYSTEM : Liquid nitrogen
THERMAL INSULATION :Internal
PLENUM CARTS : NJA

TEST SECTION CARTS : Three

TEST GAS : Nitrogen
DRIVE POWER : 50 MW CUSTOMERS: CIVILIAN :  100%

PRESSURIZATION RATE : 1 atm/min CUSTOMERS: MILITARY : 0%



TRANSONIC WIND TUNNELS

FACILUTY : NAL 2x2m Transonic

COUNTRY : Japan

ADDRESS : National Aerospace Laboratory CITY : 7-44-1 Jindaijihigashi-Machi
Chofu-shi
STATE/PROV. : Tokyo 182
ZIP/POSTAL CODE :
CONTACT :1. Kawamoto
PHONE : N/A
TITLE : , T ic Wind Tunnel
Head, Transonic Win FAX: 81-42249-0793

TEST SECTION SIZE, m : 2x2 feet: 6.6x6.6
TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : Slotted, perforated
MACH NUMBER RANGE : 0.1 to 1.4 FLOW QUALITY-TURBULENCE :0.2%
FLOW QUALITY-NOISE @ M=8: 1% cprms

FLOW QLTY-ANGLE, deg : 0.09
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : 40 to 60 FLOW QUALITY-MACH DISTRIB :0.003

REYNOLDS No. (FULL SPAN) : 5Mit
(SEMI SPAN) : 22M

F: 104 to 140
MODEL SPAN/TUNNEL WIDTH :0.6
OPERATING PRESSURE, atm : 0.39to 148
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : 24 PRODUCTIVITY : 16 polars/day

INTERNALS MATERIAL : N/A COST/POLAR: $3000
O&MCOST: S$11M

REPLACEMENT VALUE: $300 M (1993)

COOLING SYSTEM : Water

THERMAL INSULATION :None
PLENUM CARTS : One

TEST SECTION CARTS : Three
TEST GAS : Air

DRIVE POWER : 22.5 MW main blower and 8 MW auxiliary CUSTOMERS: CIVILIAN :  92%
PRESSURIZATION RATE : 5§ kPa/min CUSTOMERS: MILITARY : 8%



TRANSONIC WIND TUNNELS

FACILITY: NLR 2.0x1.8 m

COUNTRY : Netherlands
ADDRESS : P.0O. Box 80502 CITY : 1006 BM Amsterdam

STATE/PROV. : Netherlands ZIP/POSTAL CODE :

CONTACT :Henk A. Dambrink PHONE : 31-0-20-5113399

TITLE: N/A FAX: 31-0-20-5113210

TEST SECTION SIZE, m : 2.0x1.8 feet: 6.56x5.9
TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : Slotted
MACH NUMBER RANGE : 0 to 1.25 FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8 : 0.9% cprms

FLOW QLTY-ANGLE, deg : 0.2
FLOW QUALITY-S.A.GRADIENT : NI/A

OPERATING TEMP, C : 30 to 40 FLOW QUALITY-MACH DISTRIB :0.01

REYNOLDS No. (FULL SPAN) : 8MI/ft
(SEMI SPAN) : 12M

F: 86to 104
MODEL SPAN/TUNNEL WIDTH :0.7

OPERATING PRESSURE, atm : 4
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : PRODUCTIVITY : 5 polariocc hour
COST/POLAR: $500/polar
O&MCOST: $6 Mlyear
REPLACEMENT VALUE: $50 M

INTERNALS MATERIAL : Steel
COOLING SYSTEM : Water
THERMAL INSULATION :None
PLENUM CARTS : None
TEST SECTION CARTS : None
TEST GAS : Air

DRIVE POWER : 14.7 MW CUSTOMERS: CIVILIAN :
PRESSURIZATION RATE : 0.4 atm/min CUSTOMERS: MILITARY :

90%
10%



TRANSONIC WIND TUNNELS

FACILITY: AEDC 16x16 ft

COUNTRY : USA
ADDRESS : 100 Kindel Drive, Suite A237

STATE/PROV.: TN

CONTACT :Donaid C. Daniel, PhD

TITLE : Chief Scientist

CITY : Arnold AFB
ZIP/POSTAL CODE : 37389-1327
PHONE : (615)454-7721

FAX: NIA

TEST SECTION SIZE, m : 4.9x4.9 feet. 16x16

TEST SECTION GEOMETRY : Square

TEST SECTION WALLS : Perforated, inclined(6% poros)

MACH NUMBER RANGE : 0.06 to 1.6

REYNOLDS No. (FULL SPAN) : 5.5M/ft
(SEMI SPAN) : NIA

OPERATING TEMP,C: 27to 71
F: 80to 160
MODEL SPAN/TUNNEL WIDTH :0.75

OPERATING PRESSURE, atm : 0.06 to 1.8
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 1.9
INTERNALS MATERIAL : Steel

COOLING SYSTEM : Water(Cryo deactivated)
THERMAL INSULATION :None

PLENUM CARTS : NJA

TEST SECTION CARTS : Two

TEST GAS : Alr

DRIVE POWER : 2-35K Hp, 2-83K Hp electric motors
PRESSURIZATION RATE : 60 psi/hr

FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8 : 135-150 dB

FLOW QLTY-ANGLE, deg : <0.05
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.0004

PRODUCTIVITY : 15 polars/air-on- hr
COST/POLAR: N/A

O&M COST: $5Kiocc hr
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN:  NIA
CUSTOMERS: MILITARY . N/A

. .



TRANSONIC WIND TUNNELS

FACILITY : AEDC 4x4 ft

COUNTRY : USA
ADDRESS : 100 Kindel Drive, Suite A237 CITY : Arnold AFB

STATE/PROV. : TN ZIP/POSTAL CODE : 37389-1327
CONTACT :Donald C. Daniel, PhD PHONE : (615)454-7721

TITLE: Chief Scientist FAX: NIA

TEST SECTION SIZE, m : 1.2x1.2 feet: 4x4
TEST SECTION GEOMETRY : Square

TEST SECTION WALLS : Perforated, inclined(0-10% poros)
MACH NUMBER RANGE : 0.1 to0 2.0 FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8 : 145-153 dB

FLOW QLTY-ANGLE, deg : <0.1
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : 32to 57 FLOW QUALITY-MACH DISTRIB :0.003

REYNOLDS No. (FULL SPAN) : 7MHt
(SEMI SPAN) : NJ/A

F: 90to 135
MODEL SPAN/TUNNEL WIDTH :0.75

OPERATING PRESSURE, atm : 0.06 to 1.6
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : N/A PRODUCTIVITY : 25 polars/air-on-hr

INTERNALS MATERIAL : Steel COST/POLAR: N/A
O&M COST: $4K/occ hr

REPLACEMENT VALUE: N/A

COOLING SYSTEM : Water
THERMAL INSULATION :None
PLENUM CARTS : N/A

TEST SECTION CARTS : None
TEST GAS : Air

DRIVE POWER : 2-89K Hp compressors CUSTOMERS: CIVILAN :  NIA
PRESSURIZATION RATE : 5 min CUSTOMERS: MILITARY : N/A



TRANSONIC WIND TUNNELS

FACIUTY: AMES 11x11 ft N-227A

COUNTRY : USA
ADDRESS : Ames Research Center

STATE/PROV.: CA

CONTACT :Dr. Robert Rosen

TITLE: Assistant Director for Program Development

CITY : Moffett Field

ZIP/POSTAL CODE : 94035-1000

PHONE : (415)804-5333

FAX: NIA

)

TEST SECTION SIZE, m : 3.4x34 feet: 11x11
TEST SECTION GEOMETRY : Square

TEST SECTION WALLS : Solid or Slotted
MACH NUMBER RANGE : 0.3t0 1.5

REYNOLDS No. (FULL SPAN) : 9.4M/ft
(SEMI SPAN) : N/A

OPERATING TEMP, C : 21to 52

F: 70to 125
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : N/A
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 2.5
INTERNALS MATERIAL : NJA
COOLING SYSTEM : Water

THERMAL INSULATION :None
PLENUM CARTS : N/A

TEST SECTION CARTS : None
TEST GAS : Air

DRIVE POWER : 180000 Hp
PRESSURIZATION RATE : 50000 SCFM

FLOW QUALITY-TURBULENCE :NJA
FLOW QUALITY-NOISE @ M=8: N/A

FLOW QLTY-ANGLE, deg : N/A
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :N/A

PRODUCTIVITY : 4 polar/hr
COST/POLAR: N/A

O&M COST:  $6klocc hr
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN: N/A
CUSTOMERS: MILITARY : N/A

;



TRANSONIC WIND TUNNELS

FACILITY : AMES 14x14 ft N-218

COUNTRY : USA
ADDRESS : Ames Research Center

STATE/PROV.: CA

CONTACT :Dr. Robert Rosen

TITLE : Assistant Director for Program Development

CITY : Moffett Field
ZIP/POSTAL CODE : 94035-1000
PHONE : (415)604-5333

FAX: NIA

TEST SECTION SIZE, m : 4.3x4.3 feet: 14x14

TEST SECTION GEOMETRY : Square

TEST SECTION WALLS : Slotted
MACH NUMBER RANGE : 0.6 to 0.98

REYNOLDS No. (FULL SPAN) : 4.2M/ft
(SEMI SPAN): N/A

OPERATING TEMP, C : Ambient to 66

F . Ambient to 150
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : 1
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm :
INTERNALS MATERIAL : Steel
COOLING SYSTEM : Water
THERMAL INSULATION :None
PLENUM CARTS : None

TEST SECTION CARTS : None
TEST GAS : Air

DRIVE POWER : 110000 Hp
PRESSURIZATION RATE : N/A

FLOW QUALITY-TURBULENCE :NJA
FLOW QUALITY-NOISE @ M=.8 : N/A

FLOW QLTY-ANGLE, deg : N/A
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :NJA

PRODUCTIVITY : NJA
COST/POLAR: N/A
O&MCOST: $3.5klocc hr
REPLACEMENT VALUE: NJA

CUSTOMERS: CMLIAN: NIA
CUSTOMERS: MILITARY : N/A



\

TRANSONIC WIND TUNNELS

FACILTY : Fluidyne 5.5x5.5 ft.

COUNTRY : USA

ADDRESS : 5900 Olson Memorial Highway CITY : Minneapolis
STATE/PROV.: MN ZP/POSTAL CODE : 55422
CONTACT :Richard Brasket © PHONE: 612-544-2721

TITLE: Vice President FAX: 612-546-5617

TEST SECTION SIZE, m: 1.7x1.7 feet: 5.5x5.5
TEST SECTION GEOMETRY: Square

TEST SECTION WALLS : Slotted
MACH NUMBER RANGE : 0 to 1.15 FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=8 : N/A

FLOW QLTY-ANGLE, deg : N/A
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : 38 FLOW QUALITY-MACH DISTRIB :N/A

REYNOLDS No. (FULL SPAN) : 4.2M
(SEMI SPAN) : N/A

F: 100
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : 1
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : PRODUCTIMITY : 1 polar/ occ hour

INTERNALS MATERIAL : Al or steel COST/POLAR: 1500
O&M COST: $1500itest

REPLACEMENT VALUE: NJA

COOLING SYSTEM : None
THERMAL INSULATION :None
PLENUM CARTS : N/A

TEST SECTION CARTS : N/A

TEST GAS : Alr
DRIVE POWER : Air ejectors CUSTOMERS: CIVILIAN :  80%

PRESSURIZATION RATE : NJA CUSTOMERS: MILITARY : 20%



TRANSONIC WIND TUNNELS

FACIUTY: LANGELY 8 ft

COUNTRY : USA

ADDRESS : Langley Research Center, Applied Aero Div. CITY : Hampton

STATE/PROV.: VA

CONTACT :Blair Gloss

TITLE: NIA

ZIP/POSTAL CODE : 23665-5225
PHONE : (804)864-5113

FAX: (804)864-5023

TEST SECTION SIZE, m : 2.2x2.2 feet: 7.1x7.1

TEST SECTION GEOMETRY : Square

TEST SECTION WALLS : N/A
MACH NUMBER RANGE : 0.2to 1.4

REYNOLDS No. (FULL SPAN) : 4.1M/ft
(SEMI SPAN) : N/A

OPERATING TEMP, C : 38to0 49

F: 100to 120
MODEL SPAN/TUNNEL WIDTH :N/A
OPERATING PRESSURE, atm: 1.1to 2
SHELL MATERIAL : Carbon steel
SHELL DESIGN PRESS, atm :
INTERNALS MATERIAL : Carbon & Stainless steel
COOLING SYSTEM : Water
THERMAL INSULATION :None
PLENUM CARTS : N/A
TEST SECTION CARTS : N/A
TEST GAS : Air

DRIVE POWER : 25000 Hp
PRESSURIZATION RATE : 30 psi/hr

FLOW QUALITY-TURBULENCE :NJA
FLOW QUALITY-NOISE @ M=.8: NJA

FLOW QLTY-ANGLE, deg : 0.01
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :N/A

PRODUCTIVITY : NJA
COST/POLAR: N/A

O&M COST: $62Kiwk
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILAN : N/A

CUSTOMERS: MILITARY : N/A



TRANSONIC WIND TUNNELS

FACILITY : LANGELY NTF

COUNTRY : USA

ADDRESS : Langley Research Center, Applied Aero Div. CITY : Hampton

STATE/PROV. : VA

CONTACT :Blair Gloss

TITLE: N/A

ZIP/POSTAL CODE : 23665-5225
PHONE : (804)864-5113

FAX: (804)864-5023

TEST SECTION SIZE, m: 2.5x2.5
TEST SECTION GEOMETRY : Square

TEST SECTION WALLS : NJ/A
MACH NUMBER RANGE : 0.2t0 1.2

REYNOLDS No. (FULL SPAN) : 150M/ft
(SEMI SPAN) : N/A
OPERATING TEMP, C : -580 to 66
F: -320to 150
MODEL SPAN/TUNNEL WIDTH :NIA

OPERATING PRESSURE, atm: 1t0 8.8
SHELL MATERIAL : Stainless steeal

SHELL DESIGN PRESS, atm : 8.8

fest: 8.2x8.2

INTERNALS MATERIAL : Al, Ni steel, composite

COOLING SYSTEM : Water & liquid nitrogen

THERMAL INSULATION :Yes
PLENUM CARTS : N/A

TEST SECTION CARTS : None
TEST GAS : Air and nitrogen

DRIVE POWER : 120000 Hp
PRESSURIZATION RATE : 1 psifmin

FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8 : N/A

FLOW QLTY-ANGLE, deg : 0.15
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.002

PRODUCTIVITY : 500 polarsfyr
COST/POLAR: NIA

OBM COST:  $550Kiyr
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN: N/A
CUSTOMERS: MILITARY : N/A



TRANSONIC WIND TUNNELS

FACILITY : MDA-E 4x4 ft

COUNTRY : USA

ADDRESS : N/A CITY : St. Louis
STATE/PROV. : MO ZIP/POSTAL CODE :
CONTACT :N/IA PHONE : NIA
TITLE: NIA FAX: NIA

TEST SECTION SIZE, m : 1.2x1.2 feet: 4x4

TEST SECTION GEOMETRY :  Rectangular

TEST SECTION WALLS : Porous
MACH NUMBER RANGE : 0.3 to 1.80

REYNOLDS No. (FULL SPAN) : 19MIft
(SEMI SPAN): N/A

OPERATING TEMP, C : 37.8

F: 100
MODEL SPAN/TUNNEL WIDTH :0.5
OPERATING PRESSURE, atm: 0.6to 6
SHELL MATERIAL ;: Carbon steel
SHELL DESIGN PRESS, atm :
INTERNALS MATERIAL : Al or stainless
COOLING SYSTEM : N/A
THERMAL INSULATION :None
PLENUM CARTS : One
TEST SECTION CARTS : N/A
TEST GAS : Air
DRIVE POWER : N/A

PRESSURIZATION RATE : On set point in 3-5 sec.

FLOW QUALITY-TURBULENCE :1.15%
FLOW QUALITY-NOISE @ M=.8: 143 dB

FLOW QLTY-ANGLE, deg : 0.1
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.0015

PRODUCTIVITY : § polariocc hour
COST/POLAR: 118

O&M COST: NIA
REPLACEMENT VALUE: $10 M

CUSTOMERS: CIVILIAN:  10%
CUSTOMERS: MILITARY : 90%



TRANSONIC WIND TUNNELS

FACILITY : Rockwell 7x7 Ft.

COUNTRY : USA
ADDRESS : NJA

STATEPROV.: NJA

CONTACT :N/A

TITLE: N/A

CITY: N/A
ZIPPOSTAL CODE :

PHONE : NJA

FAX: NA

TEST SECTION SIZE, m : 2.1x2.1
TEST SECTION GEOMETRY : Square

"~ TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 14 to0 3.5

REYNOLDS No. (FULL SPAN) : 9M/ft
(SEMI SPAN) : N/A

OPERATING TEMP, C : 21

F: 70
MODEL SPAN/TUNNEL WIDTH :0.75
OPERATING PRESSURE, atm: 2to 7
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : N/A
INTERNALS MATERIAL : Steel
COOLING SYSTEM : None
THERMAL INSULATION :None
PLENUM CARTS : One
TEST SECTION CARTS : One
TEST GAS : Air

DRIVE POWER : Blowdown (10,000 Hp Compressors)

PRESSURIZATION RATE : 25 min

feet: 7x7

FLOW QUALITY-TURBULENCE :1.1
FLOW QUALITY-NOISE @ M=8 : 150dB

FLOW QLTY-ANGLE, deg : 0.18
FLOW QUALITY-S.A.GRADIENT : NJA

FLOW QUALITY-MACH DISTRIB :0.003

PRODUCTIVITY : 2 polarsiocc hour, 2400 polarsiyear
COST/POLAR: $1500/polar

O&MCOST: N/A

REPLACEMENT VALUE: $70 M

CUSTOMERS: CIVILIAN :  45%
CUSTOMERS: MILITARY : §5%



TRANSONIC WIND TUNNELS

FACILITY : Vought 4x4 ft Intermittent Blowdown

COUNTRY : USA

ADDRESS : N/A CITY : Dallas
STATE/PROV. : TX ZIP/POSTAL CODE :
CONTACT :N/A PHONE : N/A
TITLE: NI/A FAX: NIA

TEST SECTION SIZE, m : 1.2x1.2 feet: 4x4

TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : 90 deg holes {22.5% poros)

MACH NUMBER RANGE : 0.4 to 1.8

REYNOLDS No. (FULL SPAN) : 15M/ft
(SEMI SPAN) : NIA

OPERATING TEMP, C : 38
F: 100
MODEL SPAN/TUNNEL WIDTH :0.7

OPERATING PRESSURE, atm : 1.35t0 2.75
SHELL MATERIAL : Stainless steel

SHELL DESIGN PRESS, atm :

INTERNALS MATERIAL : Al or stainless
COOLING SYSTEM : None

THERMAL INSULATION :None
PLENUM CARTS : One

TEST SECTION CARTS : One

TEST GAS : Air

DRIVE POWER : 8000 Hp compressor
PRESSURIZATION RATE : 5 psi/min

FLOW QUALITY-TURBULENCE :0.05%
FLOW QUALITY-NOISE @ M=8: 140dB

FLOW QLTY-ANGLE, deg : 0.05
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.003

PRODUCTIVITY : 8 polars/occ hour
COST/POLAR: $200/potar
O&MCOST: N/A
REPLACEMENT VALUE: N/A

CUSTOMERS: CIMUAN:  10%
CUSTOMERS: MILITARY : 90%



SUPERSONIC WIND TUNNELS

—_
FACILUTY: Onera S2MA
COUNTRY : France
ADDRESS : Onera Centre de Modane-Avrieux-BP25 CITY : 73500 Modane
STATE/PROV. : France ZIPIPOSTAL CODE :
CONTACT :M. Bazin ' PHONE : (1)46-73-40-40
TITLE: Deputy Director, Large Testing Department FAX: (1)46-73-41-44
TEST SECTION SIZE, m: 1.93x1.75 feet: 6.3x5.7
TEST SECTION GEOMETRY :  Rectangular
TEST SECTION WALLS : Solid. or perforated
MACH NUMBER RANGE : 1.5to 3.1 FLOW QUALITY-TURBULENCE :0.01%
REYNOLDS No. (FULL SPAN) : 3.8M I=1(sq rt 8) FLOW QUALITY-NOISE @ M=8 : N/A
(SEMI SPAN) : 8.0 FLOW QLTY-STRM ANGLE DE 0.2
FLOW QUALITY-S.A.GRADIENT : N/A —

OPERATING TEMP, C : 30 to 40 FLOW QUALITY-MACH DISTRIB :0.01
F: 86to 104

MODEL SPAN/TUNNEL WIDTH :0.7

OPERATING PRESSURE, atm : 1.8

SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 2.5 atm PRODUCTIVITY : 1500 hrslyr, 6 polarfocc hour

INTERNALS MATERIAL : Steel COST/POLAR: N/A
O&MCOST: NA

REPLACEMENT VALUE: N/A

COOLING SYSTEM : Water
THERMAL INSULATION :None
PLENUM CARTS : N/A

TEST SECTION CARTS : N/A
TEST GAS : Air

DRIVE POWER : §5 MW CUSTOMERS: CIMILIAN : 10

PRESSURIZATION RATE : 0.2 atm/min CUSTOMERS: MILITARY : 90

\_/;



SUPERSONIC WIND TUNNELS

FACILITY : Onera SIMA

COUNTRY : France .
ADDRESS : Onera Centre de Modane-Auleux-BP25

STATE/PROV. : France

CONTACT :M. Bazin

TITLE: Deputy Director, Large Testing Department

CITY : 73500 Modane
ZIP/POSTAL CODE :

PHONE : (1)46-73-40-40

FAX: (1M46-73 4144

TEST SECTION SIZE, m : 0.76x0.80 feet: 2.5x2.6
TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 34 to 5.5

REYNOLDS No. (FULL SPAN): 5MI=1{sqrtS)
(SEMI SPAN): N/A

OPERATING TEMP, C: 15 to 350

F: 59 to 662
MODEL SPAN/TUNNEL WIDTH :0.7

OPERATING PRESSURE, atm : 7
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 9 atm
INTERNALS MATERIAL : N/A
COOLING SYSTEM : N/A

THERMAL INSULATION :N/A
PLENUM CARTS : N/A

TEST SECTION CARTS : NJA

TEST GAS : Air

DRIVE POWER : Blowdown
PRESSURIZATION RATE : NJA

FLOW QUALITY-TURBULENCE :0.25%
FLOW QUALITY-NOISE @ M=.8 : NJA
FLOW QLTY-STRMANGLEDE 0.2
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.01

PRODUCTIVITY : 4 polar/occ hour
COST/POLAR: NJ/A

OBMCOST: N/A
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN: 10
CUSTOMERS: MILITARY : 90



SUPERSONIC WIND TUNNELS

FACILTY : DLR 0.5 m DIA Gottingen

COUNTRY : Germany

ADDRESS : Institute of Experimental Fluid Mechanics

STATE/PROV. : D-37073 Gottingen

CONTACT :Dr. Paul Krogmann

TITLE: N/A

CITY : Bunsenstr.10
ZIP/POSTAL CODE :

PHONE : 49(551)709-2268

FAX: 49(551)709-2889

TEST SECTION SIZE, m: 0.5
TEST SECTION GEOMETRY :  Circular

" TEST SECTION WALLS : N/A
MACH NUMBER RANGE : 5 to 6.9

REYNOLDS No. (FULL SPAN) : 15M/ft
(SEMI SPAN) : NIA

OPERATING TEMP, C : 427
F: 800
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : 39
SHELL MATERIAL : N/A

SHELL DESIGN PRESS, atm : N/A
INTERNALS MATERIAL : N/A
COOLING SYSTEM : N/A
THERMAL INSULATION :N/A
PLENUM CARTS : N/A

TEST SECTION CARTS : N/A
TEST GAS : Air

DRIVE POWER : N/A
PRESSURIZATION RATE : N/A

feet: 1.6

FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8: NIA

FLOW QLTY-STRMANGLEDE 0.1
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB : 0.5

PRODUCTIVITY : 20 polariday
COST/POLAR: N/A
O&MCOST: N/A
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN :  NJ/A
CUSTOMERS: MILITARY : N/A

R



SUPERSONIC WIND TUNNELS

FACILTY: DLR 0.5x0.5 m Gottingen

COUNTRY : Germany

ADDRESS : Institute of Experimental Fluid Mechanics

STATE/PROV. : D-37073 Gottingen

- CONTACT :Dr. Paul Krogmann

TITLE: N/A

CITY : Bunsenstr.10
ZIP/POSTAL CODE :

PHONE : 49(551)709-2268

FAX :

TEST SECTION SIZE, m : 0.5x0.5
TEST SECTION GEOMETRY : Square
TEST SECTIONWALLS : NJA

MACH NUMBER RANGE : 2.8 t0 4.5

REYNOLDS No. (FULL SPAN) : 23M/t
(SEMI SPAN) : N/IA

OPERATING TEMP, C : 127

F: 260
MODEL SPAN/TUNNEL WIDTH :NJA
OPERATING PRESSURE, atm : 10
SHELL MATERIAL : N/A
SHELL DESIGN PRESS, atm : N/A
INTERNALS MATERIAL : N/A
COOLING SYSTEM : NJA
THERMAL INSULATION :NJA
PLENUM CARTS : NJA
TEST SECTION CARTS : Rear sting
TEST GAS : Air

feet: 1.6x1.6

FLOW QUALITY-TURBULENCE :N/A

FLOW QUALITY-NOISE @ M=.8 : NJA
FLOW QLTY-STRMANGLEDE 0.1
FLOW QUALITY-S A GRADIENT : NJA

FLOW QUALITY-MACH DISTRIB :0.5

PRODUCTIVITY : 20 polar/day
COST/POLAR: N/A
O&MCOST: N/A
REPLACEMENT VALUE: N/A

49(551)709-2889

DRIVE POWER : N/A CUSTOMERS: CIVILIAN : NIA

PRESSURIZATION RATE : N/A CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

~——
FACIUTY: DLR 0.6 m DIA H2K

COUNTRY : Germany
ADDRESS : DLR Wind Tunnel Division CITY : Linder Hohe
STATE/PROV. : Koln ZIPPOSTAL CODE : D-51147
CONTACT :Helmut Esch PHONE : (48)22036012345
TTLE: NIA FAX:  (49)22036012085
TEST SECTION SIZE, m: 0.6 feet: 2.0
TEST SECTION GEOMETRY :  Circular
TEST SECTION WALLS : Free jet
MACH NUMBER RANGE : 5.3 to 11.2 FLOW QUALITY-TURBULENCE :N/A
REYNOLDS No. (FULL SPAN) : 6MIft FLOW QUALITY-NOISE @ M=8 : NiA

(SEMI SPAN) : NIA FLOW QLTY-STRMANGLEDE  N/A _

OPERATING TEMP, C : 1125
F: 2057
MODEL SPAN/TUNNEL WIDTH :0.5

OPERATING PRESSURE, atm : 39
SHELL MATERIAL : Stainless steel

SHELL DESIGN PRESS, atm : 1 atm

INTERNALS MATERIAL : Mixed normal, stainless steel
COOLING SYSTEM : Water

THERMAL INSULATION :None

PLENUM CARTS : N/A

TEST SECTION CARTS : N/A

TEST GAS : Air

DRIVE POWER : Blow down, (5.0 MW heating)
PRESSURIZATION RATE : N/A

FLOW QUALITY-S.A.GRADIENT : NIA
FLOW QUALITY-MACH DISTRIB :N/A

PRODUCTIVITY : 12 runsi/day
COST/POLAR: NJA
O&M COST:  $100,000 for typical 100 run programs

REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN: N/A
CUSTOMERS: MILITARY : NJ/A



SUPERSONIC WIND TUNNELS

FACILITY : DLR 0.6x0.6 m TMK

COUNTRY : Germany

ADDRESS : DLLR Wind Tunnel Division CITY : Linder Hohe
STATE/PROV. : Koln ZIP/POSTAL CODE : D-51147
CONTACT :Helmut Esch ' PHONE : (49) 22036012345
TITLE: N/A FAX: (49)22036012085
TEST SECTION SIZE, m : 0.6x0.6 feet: 2.0x2.0

TEST SECTION GEOMETRY :  Square

- TEST SECTION WALLS : Perfbrated. 6% open area ratio, 300 Iinclined holes

MACH NUMBER RANGE : 0.5 tc; 4.5 FLOW QUALITY-TURBULENCE :0.5%
FLOW QUALITY-NOISE @ M=8: N/A
FLOW QLTY-STRMANGLEDE 0.3
FLOW QUALITY-S.A.GRADIENT : N/IA
OPERATING TEMP, C : Ambient to 277 FLOW QUALITY-MACH DISTRIB : 0.5

REYNOLDS No. (FULL SPAN) : 24MIHt
(SEMI SPAN) : N/A

F: Amblent to 464
MODEL SPAN/TUNNEL WIDTH :0.3

OPERATING PRESSURE, atm : N/A
SHELL MATERIAL : N/A
SHELL DESIGN PRESS, atm : N/A PRODUCTIVITY : 10 polarsiday

INTERNALS MATERIAL : N/A COST/POLAR: N/A
O&M COST: $144,000 for 100 runs

REPLACEMENT VALUE: N/A

COOLING SYSTEM : NJIA

THERMAL INSULATION :None

PLENUM CARTS : One

TEST SECTION CARTS : Three

TEST GAS : Air

DRIVE POWER : Blow down, 1000 cubic meter at 59 atm CUSTOMERS: CMLIAN: N/A
PRESSURIZATION RATE : NJA CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

FACIUTY: DLR 1.2 m (HEG) Gottingen

COUNTRY : Germany

ADDRESS : Institute of Experimental Fluid Mechanics

STATE/PROV. : D-37073 Gottingen

CONTACT :Dr. G. Eitelberg

TITLE: NA

CITY : Bunsenstr.10
ZIP/POSTAL CODE :

PHONE : 49{551)709-2268

FAX: 49(551)709-2889

TEST SECTION SIZE, m: 1.2
TEST SECTION GEOMETRY : Circular

- TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 7to 10

REYNOLDS No. (FULL SPAN): N/A
(SEMI SPAN): N/A

OPERATING TEMP, C : 727 to 1727

F: 1325t0 3126
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : 2
SHELL MATERIAL : Stainless steel
SHELL DESIGN PRESS, atm : 10 atm
INTERNALS MATERIAL : Stainless steel
COOLING SYSTEM : None
THERMAL INSULATION :None
PLENUM CARTS : None

TEST SECTION CARTS : Two

TEST GAS : Alr, nitrogen, argon
DRIVE POWER : Free piston
PRESSURIZATION RATE : NA

foet: 3.9

FLOW QUALITY-TURBULENCE :N/A

FLOW QUALITY-NOISE @ M=8 : N/A
FLOWQLTY-STRMANGLEDE NA

FLOW QUALITY-S.A.GRADIENT : N/A —’

FLOW QUALITY-MACH DISTRIB :N/A

PRODUCTIVITY : 1 polariday
COST/POLAR: N/A
O&MCOST: NA
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN :  N/A
CUSTOMERS: MILITARY : NIA L



SUPERSONIC WIND TUNNELS

FACIUTY: DLR 1m x 1m Transonic Gottingen

COUNTRY : Germany
ADDRESS : Hauptabtellung Windkanal-Abteilung Gottingen CITY : Bunsenstrabe 10
STATE/PROV. : Gottingen ZIP/POSTAL CODE : D-37073

CONTACT :Dr. Fritz Lethaus PHONE : (49) 551-709-1

TITLE: N/A FAX:  (49) 551-709-2179

TEST SECTION SIZE, m : 1x1 feet: 3.3x3.3
TEST SECTION GEOMETRY : Square

TEST SECTION WALLS : FIexiple laval nozzle

MACH NUMBER RANGE : 1.33 to 2.21 FLOW QUALITY-TURBULENCE :0.05%
FLOW QUALITY-NOISE @ M=.8 : N/A
FLOWAQLTY-STRMANGLEDE  0.05
FLOW QUALITY-S.A.GRADIENT : N/A
OPERATING TEMP, C : 20 to 42 FLOW QUALITY-MACH DISTRIB :0.001

REYNOLDS No. (FULL SPAN) : 1.8M I=.1(sq rt S)
(SEMI SPAN) : N/A

F: 68to 107
MODEL SPAN/TUNNEL WIDTH :0.85

OPERATING PRESSURE, atm : 0.3to 1.48
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : N/A PRODUCTIVITY : Polar/2 min

INTERNALS MATERIAL : NJA COST/POLAR: N/A
O&MCOST:  $20,000/day

REPLACEMENT VALUE: N/A

COOLING SYSTEM : Water

THERMAL INSULATION :None
PLENUM CARTS : Three
TEST SECTION CARTS : N/A

TEST GAS ; Air
DRIVE POWER : 12MW CUSTOMERS: CIVILIAN: NJA

PRESSURIZATION RATE : 0.1 atm/min CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

FACILITY : European Transonic Windtunnel GmbH

COUNTRY : Germany

ADDRESS : 906116 D-51127 CITY : Koln
STATE/PROV. : ZIP/POSTAL CODE :

CONTACT : T. B. Saunders PHONE : 02203-60801

TITLE: Managing Director FAX: ‘ 02203-609124

TEST SECTION SIZE, m : 2.0x2.4 feet: 6.6x7.9
TEST SECTION GEOMETRY : Rectangular

" TEST SECTION WALLS : Slotted

MACH NUMBER RANGE : 0.15t0 1.3 FLOW QUALITY-TURBULENCE :0.05%

FLOW QUALITY-NOISE @ M=.8: 0.004 Cp
FLOWQLTY-STRMANGLEDE 0.1

FLOW QUALITY-S.A.GRADIENT : 0.02 degree/meter

OPERATING TEMP, C : -183 to 40 FLOW QUALITY-MACH DISTRIB :0.001

REYNOLDS No. (FULL SPAN) : 61M/ft
(SEMI SPAN) : 83M at M=0.9

F: -297 to 104
MODEL SPAN/TUNNEL WIDTH :0.65
OPERATING PRESSURE, atm : 1.23to 4.4
SHELL MATERIAL : Stainless steel
SHELL DESIGN PRESS, atm : 5.1 atm PRODUCTIVITY : 5000/year, 3 runsishift

INTERNALS MATERIAL : Stainless Steel COST/POLAR: NJA
O&M COST: N/A

REPLACEMENT VALUE: N/A

COOLING SYSTEM : Liquid nitrogen
THERMAL INSULATION :Internal
PLENUM CARTS : N/A

TEST SECTION CARTS : Three

TEST GAS : Nitrogen
DRIVE POWER : 50 MW CUSTOMERS: CIVILLAN: 100

PRESSURIZATION RATE : 1 atm/min CUSTOMERS: MILITARY: 0



SUPERSONIC WIND TUNNELS

FACIUTY: NAL2m

COUNTRY : Japan
ADDRESS : National Aerospace Laboratory

STATE/PROV. : Tokyo

CONTACT :I. Kawamoto

TITLE: Head, Transonic Wind Tunnel

CITY : 7-44-1 Jindaijihigashi-Machi

Chofu-shi
ZIP/POSTAL CODE :

PHONE : NJ/A

FAX: 81-42249-0793

TEST SECTION SIZE, m : 2x2 feet: 6.6x6.6

TEST SECTION GEOMETRY :  Rectangular
TEST SECTION WALLS : Slotted, perforated
MACH NUMBER RANGE : 0.1 to 1.4

REYNOLDS No. (FULL SPAN) : 6M/ft
(SEMI SPAN) : 22M at M=0.8

OPERATING TEMP, C : 40 to 60
F: 104 to 140
MODEL SPAN/TUNNEL WIDTH :0.6

OPERATING PRESSURE, atm : 0.39 to 1.48
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 0.1 to 2.4 atm
INTERNALS MATERIAL : N/A

COOLING SYSTEM : Water

THERMAL INSULATION :None

PLENUM CARTS : One

TEST SECTION CARTS : Three

TESTGAS : Alr

DRIVE POWER : 22.5 MW main blower and 8 MW auxiliary

FLOW QUALITY-TURBULENCE :1.0
FLOW QUALITY-NOISE @ M=.8 : NIA
FLOW QLTY-STRMANGLEDE  0.09
FLOW QUALITY-S.A. GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.003

PRODUCTIVITY : 16 polarsiday
COST/POLAR: 3000

O&M COST: $11M

REPLACEMENT VALUE: $300 M (1893)

CUSTOMERS: CIVILIAN :

92

PRESSURIZATION RATE : 5 kPa/min for Pressurization and -2.5 kPa/min VacugmsTOMERS: MILITARY - 8



SUPERSONIC WIND TUNNELS

FACIUTY: NLR 1.2x1.2

COUNTRY : Netherlands
ADDRESS :

STATE/PROV. :

'~ CONTACT :Henk A. Dambrink

TITLE: N/A

CITY : Amsterdam
ZIPPOSTAL CODE :

PHONE : 31-0-20-5113399

FAX: 31-0-20-5113210

TEST SECTION SIZE, m: 1.2x1.2 feet: 3.94x3.94

TEST SECTION GEOMETRY : Rectangular

~ TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 1.3t0 4

REYNOLDS No. (FULL SPAN): 37M/t
(SEMI SPAN) : N/A

OPERATING TEMP, C : Ambient
F : Ambient
MODEL SPAN/TUNNEL WIDTH :0.7

OPERATING PRESSURE, atm : 15
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 19 atm
INTERNALS MATERIAL : Steel
COOLING SYSTEM : None
THERMAL INSULATION :None
PLENUM CARTS : None

TEST SECTION CARTS : None

TEST GAS : Alr

DRIVE POWER : 2 x 4.5 MW Compressor, Blowdown
PRESSURIZATION RATE : 30 min

FLOW QUALITY-TURBULENCE :N/A

FLOW QUALITY-NOISE @ M=.8: N/A
FLOW QLTY-STRM ANGLE DE 0.3
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.01

PRODUCTIVITY : 2 polar/hr
COST/POLAR: 2000

O&M COST: $2 Miyear
REPLACEMENT VALUE: $25 M

CUSTOMERS: CIVILIAN : 50
CUSTOMERS: MILITARY : 50



[y

SUPERSONIC WIND TUNNELS

FACILITY : BAe 1.22x1.22 m Blowdown, Warton

COUNTRY : UK _
ADDRESS : Warton Aerodrome CITY : Warton Preston
STATE/PROV. : Lancashire ZIPIPOSTAL CODE : PR4 1AX

CONTACT :N. D. Davey PHONE : (0772) 633333

TITLE: Chief Wind Tunnel Engineer FAX: (0772) 855501

TEST SECTION SIZE, m : 1.22x1.22 feet: 4x4
TEST SECTION GEOMETRY: Square

TEST SECTION WALLS : Solid

MACH NUMBER RANGE : 14 ttl) 4.0 FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=8: N/A
FLOW QLTY-STRMANGLEDE N/A
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : Ambient FLOW QUALITY-MACH DISTRIB :N/A

REYNOLDS No. (FULL SPAN) : 22M/ft
(SEMI SPAN) : N/A

F: Ambient
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : 10
SHELL MATERIAL : NIA
SHELL DESIGN PRESS, atm : N/A PRODUCTIVITY : N/A

INTERNALS MATERIAL : N/A COST/POLAR: N/A
O&MCOST: N/A

REPLACEMENT VALUE: N/A

COOLING SYSTEM : N/A
THERMAL INSULATION :N/A
PLENUM CARTS : NVA
TEST SECTION CARTS : N/A
TEST GAS : Air

DRIVE POWER : Blowdown 4000 KPa (600 psi) ' CUSTOMERS: CIVILIAN: N/A
PRESSURIZATION RATE : N/A CUSTOMERS: MILITARY : NJ/A



SUPERSONIC WIND TUNNELS

FACILITY : DRA 3x4 ft Bedford High Supersonic

COUNTRY : UK
ADDRESS : DRA Bedford
STATE/PROV. :

CONTACT :John Warren

TITLE: 3x4 ft Tunnel Manager

CITY : Bedfordshire
ZIPIPOSTAL CODE : MK41 6AE

PHONE : (0234)225973

FAX: (0234)225848

TEST SECTION SIZE, m : 0.9x1.2 foet: 3x4

TEST SECTION GEOMETRY : Rectangular

© TEST SECTION WALLS : Solid, variable geometry throat

MACH NUMBER RANGE : 2.5to0 5.0

REYNOLDS No. (FULL SPAN) : 13M/t
(SEMI SPAN) : N/A

OPERATING TEMP, C : Ambient to 150
F : Ambient to 302

MODEL SPAN/TUNNEL WIDTH :NJA

OPERATING PRESSURE, atm: 0.1to0 12
SHELL MATERIAL : N/A

SHELL DESIGN PRESS, atm : N/A
INTERNALS MATERIAL : NJA
COOLING SYSTEM : N/A
THERMAL INSULATION :N/A
PLENUM CARTS : N/A

TEST SECTION CARTS : Two
TEST GAS : Alr

DRIVE POWER : 66 MW
PRESSURIZATION RATE : NJA

FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8 : N/A
FLOWQLTY-STRMANGLEDE N/A
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :N/A

PRODUCTIVITY : 12 min for 16 point polar
COST/POLAR: NIA

OSMCOST: NA

REPLACEMENT VALUE: NJA

CUSTOMERS: CIVILUAN: N/A
CUSTOMERS: MILITARY : N/A ~



SUPERSONIC WIND TUNNELS

FACILITY : DRA 8x8 ft Bedford

COUNTRY : UK
ADDRESS : DRA Bedford CITY : Bedfordshire
STATE/PROV. : ZIP/POSTAL CODE : MK41 6AE

CONTACT : Barry Welsh PHONE : (0234)225008

TITLE : 8x8 ft Tunnel Manager FAX:  (0234)225848

TEST SECTION SIZE, m : 2.4x2.4 feet: 8x8

TEST SECTION GEOMETRY : Square

" TEST SECTION WALLS : Solid

MACH NUMBER RANGE : 1.3to0 2.5 FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=8: N/A
FLOW QLTY-STRM ANGLE DE N/A
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : 10 to 40 FLOW QUALITY-MACH DISTRIB :N/A

REYNOLDS No. (FULL SPAN) : 6M/ft -
(SEMI SPAN) : NI/A

F: 50to 104
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm: 0.1to 3.9
SHELL MATERIAL : N/A
SHELL DESIGN PRESS, atm : N/IA PRODUCTIVITY : >24 polarsiday assume

INTERNALS MATERIAL : N/A COST/POLAR: N/A
O&M COST: NIA

REPLACEMENT VALUE: N/A

COOLING SYSTEM: YES

THERMAL INSULATION :N/A
PLENUM CARTS : N/A
TEST SECTION CARTS : Two

TEST GAS : Air
DRIVE POWER : 69 MW CUSTOMERS: CIVILIAN :  N/A

PRESSURIZATION RATE : N/A CUSTOMERS: MILITARY : NI/A



SUPERSONIC WIND TUNNELS

FACILITY : AEDC 16S

COUNTRY : USA
ADDRESS : 100 Kindel Drive, Suite A327

STATE/PROV.: TN

CONTACT :Donald C. Daniel, PhD

TITLE: Chief Scientist

CITY : Arnoild AFB
ZIP/POSTAL CODE : 37389-1327

PHONE : (615)454-7721

FAX: NIA

TEST SECTION SIZE, m : 4.9x4.9 feet: 16x16
TEST SECTION GEOMETRY : Square

- TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 1.6 to 4.75
REYNOLDS No. (FULL SPAN) : 2.3M/ft
(SEMI SPAN) : N/A

OPERATING TEMP, C : 38 to 343 possible
F : 100 to 650 possible
MODEL SPAN/TUNNEL WIDTH :0.6

OPERATING PRESSURE, atm : 0.1to 0.8
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : NJA
INTERNALS MATERIAL : Steel

COOLING SYSTEM : Water

THERMAL INSULATION :Fiberglass pads internal
PLENUM CARTS : N/A

TEST SECTION CARTS : Three half carts

TEST GAS : Air

DRIVE POWER : 2-35K Hp, 2-83K Hp electric motors
PRESSURIZATION RATE : 0.5 psi/min

FLOW QUALITY-TURBULENCE :0.3%
FLOW QUALITY-NOISE @ M=.8 : <131 dB

FLOWQLTY-STRMANGLEDE 0.3
FLOW QUALITY-S. A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :N/A

PRODUCTIVITY : 6 polariair-on-hr
COST/POLAR: NIA

O&M COST: $8000/occ hr
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN : N/A
CUSTOMERS: MILITARY : N/A

—



SUPERSONIC WIND TUNNELS

FACIUTY: AEDC Tunnel A

COUNTRY : USA
ADDRESS : 100 Kindel Drive, Suite A237 CITY : Arnold AFB
STATE/PROV.: TN ZIP/POSTAL CODE : 37389-1327

CONTACT :Donald C. Daniel, PhD PHONE : (615)454-7721

TITLE : Chief Scientist FAX: N/A

TEST SECTION SIZE, m : 1.0x1.0 feet: 3.3x3.3
TEST SECTION GEOMETRY :  Square

- TEST SECTION WALLS : Solid

MACH NUMBER RANGE : 1.5t0 5.5 FLOW QUALITY-TURBULENCE :0.07%
FLOW QUALITY-NOISE @ M=8: 101.9dB
FLOWQLTY-STRMANGLEDE 0.2
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : 38 to 182 FLOW QUALITY-MACH DISTRIB :0.018

REYNOLDS No. (FULL SPAN) : 8.5M/ft .
(SEMI SPAN) : NIA

F: 100 to 360
MODEL SPAN/TUNNEL WIDTH :0.85

OPERATING PRESSURE, atm : 0.4 to 10
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : NVA PRODUCTIVITY : 20 polar/air-on-hr

INTERNALS MATERIAL : Steel COST/POLAR: N/IA
O&M COST: $6000/occ hr

REPLACEMENT VALUE: N/A

COOLING SYSTEM : Water
THERMAL INSULATION :N/JA
PLENUM CARTS : N/A
TEST SECTION CARTS : N/A

TEST GAS : Air
DRIVE POWER : 92.5 K Hp CUSTOMERS: CMLIAN: NI/A

PRESSURIZATION RATE : 40 min CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

FACILUTY: AEDC Tunnel B

COUNTRY : USA
ADDRESS : 100 Kindel Drive, Suite A237 CITY : Amold AFB
STATE/PROV. : TN ZIP/POSTAL CODE : 37389-1327
CONTACT :Donald C. Daniel, PhD ' PHONE : (615)454-7721

TITLE : Chief Scientist FAX: NIA

TEST SECTION SIZE, m: 1.3 feet: 4.2
TEST SECTION GEOMETRY :  Circular

TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 6 and 8 FLOW QUALITY-TURBULENCE :0.45%
FLOW QUALITY-NOISE @ M=.8 : NIA

FLOW QLTY-STRMANGLEDE 0.1
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : 199 to 475 FLOW QUALITY-MACH DISTRIB :0.03

REYNOLDS No. (FULL SPAN) : 4.7M/ft
(SEMI SPAN): N/A

F: 390 to 890
MODEL SPAN/TUNNEL WIDTH :0.55

OPERATING PRESSURE, atm : 2.7 to 58
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : NJA PRODUCTIVITY : 20 polar/air-on-hr

INTERNALS MATERIAL : Steel COST/POLAR: NJA
O&M COST: $6000/occ hr

REPLACEMENT VALUE: NJA

COOLING SYSTEM : Water

THERMAL INSULATION :Stilling chamber

PLENUM CARTS : NJA

TEST SECTION CARTS : N/A

TEST GAS : Alr

DRIVE POWER : 92.5 K Hp CUSTOMERS: CIVILIAN: N/A
PRESSURIZATION RATE : 60 min CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

FACILITY : AEDC Tunnel C

COUNTRY : USA
ADDRESS : 100 Kindel Drive, Suite A237

STATE/PROV.: TN

CONTACT :Donald C. Daniel, PhD

TITLE: Chief Scientist

CITY : Amold AFB
ZIP/POSTAL CODE : 37389-1327

PHONE : (615)454-7721

FAX: NIA

TEST SECTION SIZE, m : 1.3
TEST SECTION GEOMETRY :  Circular

- TEST SECTION WALLS : Solid'
MACH NUMBER RANGE : 4,8, and 10

REYNOLDS No. (FULL SPAN) : 7.8MIft .
(SEMI SPAN) : N/A

OPERATING TEMP, C : 1060
F: 1440
MODEL SPAN/TUNNEL WIDTH :0.55

OPERATING PRESSURE, atm : 13.6to 129
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : N/A
INTERNALS MATERIAL : Steel

COOLING SYSTEM : Water

THERMAL INSULATION :Stilling chamber
PLENUM CARTS : N/A

TEST SECTION CARTS : N/A

TEST GAS : Air

DRIVE POWER : 82.5 K Hp
PRESSURIZATION RATE : 80 min

FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8 : N/A
FLOWQLTY-STRMANGLEDE  0.12
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.07

PRODUCTIVITY : 10 polar/air-on-hr
COST/POLAR: NJA

O&M COST: $6000/occ hr
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN: NI/A
CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

FACILUTY : AMES 8x7 ft N-227C

COUNTRY : USA
ADDRESS : Ames Research Center

STATE/PROV.: CA

CONTACT :Dr. Robert Rosen

TITLE: Assistant Director for Program Development

CITY . Moffett Field
ZIP/POSTAL CODE : 94035-1000

PHONE : (415)604-5333

FAX: NA

TEST SECTION SIZE, m : 2.4x2.1

TEST SECTION GEOMETRY : Rectangular

- TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 2.5 to 3.5

REYNOLDS No. (FULL SPAN) : 5.2M/ft
(SEMI SPAN) : NIA

OPERATING TEMP, C : 21 to 60
F: 70to 140
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : N/IA
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 2.5
INTERNALS MATERIAL : Steel
COOLING SYSTEM : Water
THERMAL INSULATION :None
PLENUM CARTS : None

TEST SECTION CARTS : None
TEST GAS : Alr

DRIVE POWER : 180000 Hp
PRESSURIZATION RATE : 50000 SCFM

FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8: N/A
FLOW QLTY-STRMANGLEDE N/A
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :N/A

PRODUCTIVITY : 1 polar/30 min
COST/POLAR: N/A

O&M COST:  $7000/occ hr
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN : N/A
CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

FACILITY : AMES 9x7 ft N-227B

COUNTRY : USA
ADDRESS : Ames Research Center CITY : Moffett Field
STATE/PROV.: CA ZIP/POSTAL CODE : 94035-1000

CONTACT :Dr. Robert Rosen PHONE : (415)604-5333

TITLE : Assistant Director for Program Development FAX: NA
TEST SECTION SIZE, m : 2.7x2.1 feet: 9x7

TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : Solid

MACH NUMBER RANGE : 1.55t0 2.5 FLOW QUALITY-TURBULENCE :

FLOW QUALITY-NOISE @ M=.8 : N/IA
FLOW QLTY-STRM ANGLE DE N/A
FLOW QUALITY-S.A.GRADIENT : N/A

OPERATING TEMP, C : NJA FLOW QUALITY-MACH DISTRIB :N/A

REYNOLDS No. (FULL SPAN) : 6.5M/ft
(SEMI SPAN) : N/A

F: N/A
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : NJ/A
SHELL MATERIAL : Steel

SHELL DESIGN PRESS, atm : 2.5 PRODUCTIVITY : 1 polar/30 min
INTERNALS MATERIAL : N/JA COST/PPOLAR: N/A
COOLING SYSTEM : Water O&M COST: $7000/occ hr

THERMAL INSULATION :None REPLACEMENT VALUE: NIA

PLENUM CARTS : None

TEST SECTION CARTS : None

TEST GAS : Air

DRIVE POWER : 180000 Hp CUSTOMERS: CIVILIAN: NI/A
PRESSURIZATION RATE : 50000 SCFM CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

FACILITY : Fluidyne 5.5x5.5 ft.

COUNTRY : USA
ADDRESS : 5900 Olson Memorial Highway CITY : Minneapolis
STATE/PROV.: MN ZIPPOSTAL CODE : 55422

CONTACT :Richard Brasket PHONE : 612-544-2721

TITLE : Vice President FAX: 612-546-5617

TEST SECTION SIZE, m: 1.7x1.7 feet. 5.5x5.5
TEST SECTION GEOMETRY : Square

" TEST SECTION WALLS : Slotted

MACH NUMBER RANGE : 0to 1.18 FLOW QUALITY-TURBULENCE :N/A
FLOW QUALITY-NOISE @ M=.8: N/A
FLOWQLTY-STRMANGLEDE N/A
FLOW QUALITY-S.A.GRADIENT : N/A
OPERATING TEMP,C : 38 FLOW QUALITY-MACH DISTRIB :NI/A

REYNOLDS No. (FULL SPAN) : 8M/ft
(SEMI SPAN): NI/A

F: 100
MODEL SPAN/TUNNEL WIDTH :N/A

OPERATING PRESSURE, atm : 1
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : 1 atm PRODUCTIVITY : 1 polariocc hour

INTERNALS MATERIAL : Al on steel COST/POLAR: N/A
O&M COST:  $1500/test

REPLACEMENT VALUE: N/A

COOLING SYSTEM : None
THERMAL INSULATION :None
PLENUM CARTS : N/A

TEST SECTION CARTS : N/A

TEST GAS : Alr
DRIVE POWER : Air ejectors CUSTOMERS: CIVILIAN : N/A

PRESSURIZATION RATE : N/A CUSTOMERS: MILITARY : N/A



SUPERSONIC WIND TUNNELS

FACILITY : MDA-E 4x4 ft

COUNTRY : USA

ADDRESS : N/A ' CITY: N/A
STATE/PROV.: N/A ZP/POSTAL CODE : N/A
CONTACT :N/A PHONE : N/A

TITLE: NA FAX: NA

TEST SECTION SIZE, m : 1.2x1.2 feet: 4x4

TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : Porous

MACH NUMBER RANGE : 0.3t0 5.5 FLOW QUALITY-TURBULENCE :1.15
FLOW QUALITY-NOISE @ M=8 : 143dB
FLOWQLTY-STRMANGLEDE 0.1
FLOW QUALITY-S.A.GRADIENT : N/A
OPERATING TEMP, C : 38 FLOW QUALITY-MACH DISTRIB :0.0015

REYNOLDS No. (FULL SPAN) : 48M
(SEMI SPAN): N/A

F: 100
MODEL SPAN/TUNNEL WIDTH :0.5

OPERATING PRESSURE, atm : 0.6 to 27
SHELL MATERIAL : Carbon steel

SHELL DESIGN PRESS, atm : 2 atm PRODUCTIVITY : 2 min for polar (30deg)
COST/POLAR; 677

O&MCOST: NA

REPLACEMENT VALUE: $35 M

INTERNALS MATERIAL : Al or stainless
COOLING SYSTEM : N/A

THERMAL INSULATION :None

PLENUM CARTS : One

TEST SECTION CARTS : N/A

TEST GAS : Air

DRIVE POWER : N/A CUSTOMERS: CIMIUAN : 10

PRESSURIZATION RATE : On set point in 3-5 sec. CUSTOMERS: MILITARY : 90



SUPERSONIC WIND TUNNELS

FACIUTY : Rockwell 7x7 ft.

COUNTRY : USA
ADDRESS : N/A

STATEPROV. : N/A

CONTACT :N/A

TITLE: NIA

CITY: N/A
ZIP/POSTAL CODE :

PHONE : NJA

FAX: NIA

PRESSURIZATION RATE : 25 min

TEST SECTION SIZE, m: 2.1x 2.1 feet: 7x 7
TEST SECTION GEOMETRY :  Square
* TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 1.4 to 3.5 FLOW QUALITY-TURBULENCE :1.1
REYNOLDS No. (FULL SPAN) : 19M/t - FLOW QUALITY-NOISE @ M=38 : 150 dB
(SEMI SPAN) : 19MItt FLOW QLTY-STRMANGLEDE  0.18
FLOW QUALITY-S.A.GRADIENT : N/A
OPERATING TEMP, C : 21 FLOW QUALITY-MACH DISTRIB :0.003
F: 70
MODEL SPAN/TUNNEL WIDTH :0.75
OPERATING PRESSURE, atm : 2to 7
SHELL MATERIAL : Steel
SHELL DESIGN PRESS, atm : N/A PRODUCTIVITY : 2 polarslocc hr, 2400 polarsiyear
INTERNALS MATERIAL : Steel COST/POLAR: 1500
COOLING SYSTEM : None OMCOST: N/A
THERMAL INSULATION :None REPLACEMENT VALUE: $70 M
PLENUM CARTS : One
TEST SECTION CARTS : One
TEST GAS : Alr
DRIVE POWER : Blowdown (10,000 HP Compressors) CUSTOMERS: CIVILIAN : 45

CUSTOMERS: MILITARY : 8§



N—

SUPERSONIC WIND TUNNELS

FACIUTY : Vought 4x4 ft

COUNTRY : USA
ADDRESS : NJA
STATE/PROV. : TX

CONTACT :N/A

TITLE: NA

CITY : Dallas
ZIP/POSTAL CODE : N/A

PHONE : N/A

FAX: NIA

TEST SECTION SIZE, m : 1.2x1.2

TEST SECTION GEOMETRY : Rectangular

TEST SECTION WALLS : Solid
MACH NUMBER RANGE : 1.6 t0 4.8

REYNOLDS No. (FULL SPAN) : 34MIft .
(SEMI SPAN) : NJA

OPERATING TEMP, C : 38

F: 100
MODEL SPAN/TUNNEL WIDTH :0.7
OPERATING PRESSURE, atm : 1.7 to 23
SHELL MATERIAL : Stainless steel
SHELL DESIGN PRESS, atm : 30 atm
INTERNALS MATERIAL : Al & stainless
COOLING SYSTEM : None
THERMAL INSULATION :None
PLENUM CARTS : N/A
TEST SECTION CARTS : One
TEST GAS : Air

DRIVE POWER : 8000 Hp compressor
PRESSURIZATION RATE : 5 psi/min

FLOW QUALITY-TURBULENCE :0.12%
FLOW QUALITY-NOISE @ M=.8 : 140dB

FLOWQLTY-STRMANGLEDE  0.05
FLOW QUALITY-S.A.GRADIENT : N/A

FLOW QUALITY-MACH DISTRIB :0.003

PRODUCTIVITY : 8 polarsl/occ hour
COST/POLAR: 2000

O&MCOST: NA
REPLACEMENT VALUE: N/A

CUSTOMERS: CIVILIAN :

10

CUSTOMERS: MILITARY : 90






APPENDIX 1: CONDUCTING THE SURVEY

Aeronautical wind tunnels have been the subject of almost continuous attention by some study
group, facilities upgrade analysis or the National Research Council for the last 10 years. When
this benchmarking task was initiated, there was an assumption made that it could be acomplished
by gathering up the reports from these efforts and conduct a benchmarking process. However,
the task was much more involved because few of the past efforts focused on the comprehensive
compilation of wind tunnel operating capability necessary to conduct a benchmark. Therefore,
the completion of the assigned task required the process start at the beginning with gathering of
the data.

The data request, included below in full, was prepared as a broad area survey covering subsonic,
transonic and supersonic wind tunnels. It was mailed to the owners (or operators) of all known
wind tunnels meeting the cutoff criteria in the western world.

The addressees are listed in Appendix 2.

Here is a sample of the request.






400 Main Street,

\|/ UNITED r nnecticu

TECHNOLOG'ES East Hartford, Connecticut 06108
PRATT&WHITNEY PH: (203) 565-1060

Ref:WLW.93168 i _ FAX: (203) 565-0168

September 1, 1993

European Transonic Windtunnel
Postfach 90 61-16

D-51127 Koln

Germany

Attention: Mr. Joachim Krengel
Head of Transonic Windtunnel

Dear Mr. Krengel:

The National Aeronautics and Space Administration, in partnership with the
Department of Defense, is conducting a study of Aeronautical Facilities.

One element of this study is an attempt to benchmark existing facilities to
identify the capability of existing wind tunnels that could serve as a reference
for future users and as a baseline for any future wind tunnels.

I have been selected to lead the benchmarking effort part of this task, and need
your cooperation and assistance in completing this assignment. Because of the
vast number of facilities that exist, we are limiting the first part of the effort
to what may be described as large wind tunnels and propulsion test facilities.

The parameters describing "large" are listed below in Table 1.

Table 1
Parameters defining "Large" Aeronautical Test Facilities
Speed Range mum Test Section Size
Subsonic (Mach less than 1) 6 feet
Transonic (Mach range 0.1 to 1.5 approx.) 4 feet
Supersonic (Mach 1.2 to 3.5) 2 feet
(Mach 3.5 to 5.0) 1 foot

Your cooperation in making this wind tunnel benchmark as complete as possible will
be appreciated.

When responding with the operating characteristics of your facilities, please
provide those test conditions that can be achieved under normal operating
conditions. This request is for data that you would expect to divulge to the
public. It is not a request for private or proprietary information and it would
be appreciated if none were submitted.

The parameters of interest are listed on Attachment 1 for Subsonic Tunnels and
Attachment 2 for Transonic Tunnels. The values given under the baseline column
are for illustrative purposes only to communicate the desired parametric response.
I would appreciate similar responses for supersonic test facilities, also.



Mr. Joachim Krengel
September 1, 1993
Page 2 :

If you wish to express your facility capability in other parameters, please do so.
There is no example shown for "user cost" because so many different basis’s are
used in charging users to conduct tests. Some more common are $/month, $/run
hour, §/occupancy hour, etc. However, if possible, it would be appreciated if
the collective response for a wind tunnel could result in cost/polar generated.

It would also be helpful if these costs were expressed on the basis of what you
would charge a foreign-based customer. Sometimes polars/hour is not an adequate
measure of comparing one facility to another. If you would also estimate annual

productivity (polars/year) for a variety of test types and assuming a fully
utilized facility, it would be helpful.

Partial responses will be appreciated where complete responses are not possible or
practical.

If you could provide the requested data by October 15, 1993, it would be
appreciated.

Best Regards,

UNITED TECHNOLOGIES CORPORATION
Pratt & Whitney

(dibliin . C2bb

William L. Webb
Vice President, Advanced Engine Programs

Attachments
/lct
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APPENDIX 2: WIND TUNNEL SURVEY LISTING

The survey was conducted in three parts. The first was a request to USG facilities of NASA and
DoD. This was the first report as an attempt to "test" the approach and assure clarity in purpose
when conducting the wider survey. Second, a short "form request” was made of operators of
wind tunnels known to be used in support of commercial airplane development to support an
interim report of the National Facilities Task group. Third, was the all encompassing survey to
gather as much data as available in support of a worldwide wind tunnel benchmarking task.

Wind tunnels located in the former USSR were not included in this survey due to the inability of
the benchmarking working group to acquire a high confidence address list for the operators.
There are highly capable wind tunnels located there, some being used by western firms so it was
not to imply lack of interest. When the survey returns were in, we found that some listed wind
tunnels had been deactivated and there are probably others not included because of the lack of

knowledge on the part of the working group.

The list of wind tunnels survey in any of the three above listed steps were:






National Aeroepace Laboratory Center
21000 Brookpark Road, M/S 3-6
Cleveland, (H 44135

Attention: Dr. David J. Poferl
Director of Technical Services

Flight Performance Division
7-44-1, Jinaiji Higashi-machi
hofu-shi, Tokyo 182

Attention: Mr. Iwao Kawamoto
Chief of Transonic Wind Tumel Facility

National Aerospace Labaratory
Flight Perfarmance Division
7-44-1, Jindaiji Higashi-machi
Chofu-shi, Tokyo 182

Attention: Mr. Yoshio Hayashi
Chief of Low Speed Wind Tunnel Facility

Deutschce Farschungsanstalt Fuer Iuft
Bunsenstrasse 10
D-37073 Goettingen
Germany
Attention: Dr. Fritz Lehthaus
Head of NWG
Office National D'Etudes Et De Recherche
BP25
73500 Modane
France

Attention: Mr. Jean Laverre
Chief of Center

Defense Research Agency
Building 17

Clampham Bedford MK416AE
England

Attention: Mr. Stewart Buckingham
Head of High Speed Aero Division

Office National D'Etudes Et De Recherche
29, Avenue De Ia Division Leclerc
F-92322 Chatillon C

France

Attention: Mr. Jean-Marie Carrara
Chief of CFM

JWIN.93211



Von Karman Institute for Fluid Dynamics
Chaussee De Waterloo, 72
B~1640 Fhode Saint GENASA

Belgium
Attention: Professar Mario Carbonaro

Deartsche Farschoungsanstalt Fuer Iaft
Flughafen

D-38110 Braunschweig

Germany

Attention: Dr. Gerhard Kausche
Head of Wind Tumnels, Braunsciweig

National Incht-en Ruimtevaartiaboratorium
Anthony Fokkerweg 2
1059 OM AMSTERDAM
Netherlands

Attention: Mr. F. Jaarsma -
Chief, Aerodynamics Facilities - Low Speed

National Lucht-en Ruimtevaartlaboratorium
P.O. Box 175

8300 AD Emmeloord

Netherlands

Attention: Professar Dr. Ing. H.U. Meier
General Director ~ Low Speed Wind Tunnel

BAE Warton Aerodrome
Preston, lancashire PR4 1AX
England

Attention: Mr. Nigel Da
Chief Wind Tunnel Engineer

National Iucht-en Ruimtevarrtlaboratorium
Anthony 2
1059 CM AMSTERDAM
Netherlands

Attention: Mr. H. A. Damkxrink
Chief, Aerodynamics Facilities

RAE Farnborough

Royal Aerospace
Farnbarough, Hampshire GU14 6TD
England

Attention: Dr. David Woodward
Head of L.S. Aero Division

JWIR.93211



British Aerospace
P.0. Box 77 Filton House

Filton, Bristol, Avon BS99
England

Attention: Mr. Mike Marsden
Manager, Aerodynamic labarataries

Fluidyne Engineering Corp.
5900 Olson Memorial Highway

Minneapolis, MN 55422

Attention: Mr. Richard Brasket
Vice President - Aero Test

CALSPAN OORPORATION
P.O. Bax 400
Buffalo, NY 14225

Attention: Mr. Michael DiDuro
Head of Transonic wind Tumnel

Commercial Airplane Group
P.0. Bax 3707, Mail Stop GR-MT
Seattle, WA 98124

Attention: Mr. Richard A. Day
Directar, Engineering Laboratory

NASA Ames Research Center
M/S 200-1A
Moffett Field, CA 94035

Attention: Dr. Robert Rosen
Assistant Director for Program Development

NASA langley Research Center
M/S 285
Hampton, VA 23681-0001

Attention: Mr. Blair B. Gloss
Assistant Chief to the Applied Aerodynamics Division

Armold Engineering Development Center
100 Kindel Drive, Suite A327

Code AEDC/CA

Arnold Air Force Base, TN 37389-1327

Attention: Dr. Donald C. Daniel
Chief Scientist

JWIK.93211



Massachusetts Institute of Technology
77 Massachusetts Averme, Room 33-215
Cambridge, MA 02139

Attention: Dr. Bugene E. Covert
T. Wilson Professar of Aeronautics

United Technologies Research Center
Silver lLane, Mail Stop 129-4
East Hartford, CT 06108

Attention: Mr. John F. Cassidy, Jr.
Directar, United Technologies Research Center
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Working Group
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Appendix 6

Report of the Hypersonic Facilities
Working Group
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